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INTRODUCTION 


A NEW AND SIGNIFICANT trend has become discernible in biology dur- 
ing the last decade. The excessive specialization which had prevailed 
in the recent past seems slowly to be giving way to a greater unity; a 
science of general biology appears to be emerging. In a way this trend 
represents a partial reversal of a historic tendency of much greater 
duration. For more than a century the field of biology was so extensive 
and growing so rapidly that no single investigator, no matter how broad 
might be his grasp, could keep abreast with the developments in all the 
numerous branches. The response of biology to this challenge was a sub- 
division of the general field into many disciplines, each endowed with 
its own materials, methods, and techniques. Instead of being biologists, 
most of us became systematists, physiologists, geneticists, embryolo- 
gists, biochemists, pathologists, etc. Inevitably, secondary subdivisions 
have arisen in the course of time. Nobody could any longer be at home 
in, for example, the systematics of all animals or of all plants. The 
systematists split into mammalogists, ornithologists, entomologists, 
helminthologists, protozoologists, etc., and finally into specialists on 
separate families, genera, and even smaller groups. The genetics of, let 
us say, Oenothera threatened to become incomprehensible to those en- 
gaged in studies on the genetics of Drosophila or of man. This extreme 
compartmentalization of biological knowledge proved fruitful in that it 
led to an enormous accumulation of factual information; it has been 
deleterious in so far as it resulted in a lack of understanding between the 
representatives of the various disciplines and a consequent lowering of 
the efiSciency of biological research. It stands to reason that the ex- 
igencies of the situation continue, and probably will continue, to de- 
mand that each biologist be a specialist in some small portion of the 
general field. During the last decade the conclusions reached by many of 
the specialists have begun to converge toward a set of general principles 
applicable to the entire realm of living matter. One can now hope that 
this will occur in increasing measure in the future. Biology, it seems, is 
no longer in its childhood; as a science, it is approaching maturity. 

Obviously, it would be out of place to attempt to discuss here the re- 
sults of the unifying trend in modern biology as a whole. SuflSce it to 
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say that Dr. Mayras Systematics and the Origin of Species is one of the 
manifestations of this trend. Dr. Mayr is an outstanding zoological 
systematist; his specialty is ornithology, and he is the foremost author- 
ity on the birds of Oceania and Indonesia. The results of his preoccupa- 
tion with the subject matter of his special investigations are amply 
evident in his choice of examples in many chapters of the book. Yet it is 
equally evident that this book has not been written from the point of 
view of a specialist on the systematics of a certain group of animals 
inhabiting a certain part of the world. It has been written by a general 
biologist. Although this book contains a critical reassessment of the 
evidence furnished by zoological systematics regarding the course and 
the mechanisms of the biological evolution, that is not what makes it 
unique. Such critical reassessments have been published from time to 
time by many systematists and they are undoubtedly interesting and 
necessary. But Dr. Mayras chief accomplishment in this book has been 
to correlate the evidence and the points of view of modern systematics 
with those of other biological disciplines, particularly genetics and 
ecology. A correlation of this sort has been necessary for some time; even 
in the recent past there existed a notorious lack of mutual comprehension 
between the systematists on one hand and the representatives of the 
experimental biological disciplines on the other. That this lack of mutual 
comprehension was due in part to an unfamiliarity with each other^s 
factual materials and methods, and in part to a sheer misunderstanding 
of the respective points of view, was felt by many systematists as well as 
by experimentalists. But it remained for a systematist of Dr. Mayr’s 
caliber, possessing a wide familiarity with and a perfect grasp of the 
apparently conflicting disciplines, to demonstrate conclusively that this 
conflict is spurious. 

Th. Dobzhansky 

Mount San Jacinto, California 
July, 



PREFACE 


Duking the past fifty years animal taxonomy has undergone a revolu- 
tion almost as fundamental as that which occurred in genetics after 
the rediscovery of Mendel’s laws. It is true that the change from the 
static species concept of Linnaeus to the dynamic species concept of 
the modern systematist has not entirely escaped the attention of pro- 
gressive students of genetics and evolution. However, the whole sig- 
nificance of the polyt3npic species, of the phenomena of geographic 
variation, of the differences between geographic and other forms of 
isolation are by no means as widely appreciated among students of 
evolution and even among taxonomists as they deserve. I have attempted 
in this book to summarize our knowledge in the field of systematics, 
and to subject to a searching analysis the principal concepts on which 
taxonomic work is based. Finally I have tried to present some of the 
evidence of the systematist on the question of the origin of species. A 
discussion of general evolution and of such specific subjects as the 
evolution of sex, degeneration, and parasitism has been considered out- 
side the scope of this book. The extreme scattering of taxonomic litera- 
ture makes it inevitable that some publications worthy of detailed dis- 
cussion have been overlooked. Special emphasis has been placed on the 
most recent literature and on the field with which I personally am most 
familiar, the ornithology of the Pacific Islands. 

This book is based on the Jesup lectures delivered at Columbia Uni- 
versity in March, 1941. The writer presented the evidence of the 
zoologist, and Dr. Edgar Anderson, of Washington University and of the 
Missouri Botanical Garden, St. Louis, that of the botanist. The present 
volume includes only the material of the zoological lectures. Parts of the 
manuscript were read by Edgar Anderson, Charles M. Bogert, Mont A. 
Cazier, James P. Chapin, Kenneth Cooper, J. Eric Hill, George G. 
Simpson, Herman Spieth, George M. Sutton and John T. Zimmer, to 
all of whom I owe many valuable suggestions. A. E. Emerson, Julian 
Huxley, and other friends have discussed a number of problems with 
the author and have helped him in crystsCllizing his ideas. Most of all 
I am indebted to Th. Dobzhansky and L. C. Dunn, who aided in count- 
less ways in the preparation of the manuscript and who encouraged and 
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inspired me throughout. I dedicate this work to the army of taxonomists 
who have unselfishly devoted their lives to the task of describing and 
classifying the animals of the world. 

Ernst Mayr 

The American MiLseum of Natural Hietory 
New York, May, 194^ 
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CHAPTER I 


THE METHODS AND PRINCIPLES 
OF SYSTEMATICS 


The rise of genetics during the first thirty years of this century had a 
rather unfortunate effect on the prestige of systematics. The spectacu- 
lar success of experimental work in unraveling the principles of in- 
heritance and the obvious applicability of these results in explaining 
evolution have tended to push systematics into the background. There 
was a tendency among laboratory workers to think rather contemptu- 
ously of the museum man, who spent his time counting hairs or drawing 
bristles, and whose final aim seemed to be merely the correct naming of 
his specimens. A welcome improvement in the mutual understanding 
between geneticists and systematists has occurred in recent years, 
largely owing to the efforts of such men as Rensch and Kinsey among 
the taxonomists, Timofeeff-Ressovsky and Dobzhansky among the 
geneticists, and Huxley and Diver among the general biologists. 

It was realized by these workers that only some of the problems of 
the origin of species can be solved by the geneticist, while other aspects 
are more accessible to such branches of biology as ecology and bio- 
geography, paleontology, and taxonomy. A satisfactory understanding 
of intricate evolutionary phenomena can be attained only through the 
cooperation of all these disciplines, and systematics is willing and able 
to contribute its share. 

The importance of systematics in the study of evolution was perhaps 
better realized in the last century than it is now. Darwin^s conclusions 
in his Origin of Species were based largely on the results of contemporary 
taxonomic work, and I can see no reason why modern systematics 
should not yield even greater results. After all, systematics has grown 
tremendously since Darwin^s day. The number of species of animals 
known to us, eighty years after Darwin, is probably tenfold and the 
number of specimens in collections a thousandfold. But not only the 
number of known species has grown; the degree to which they are known 
has also increased. With this vast body of material before us — and I 
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might confess, from my own museum experience, with an equally large 
or even greater amount of work still to be done — it is very easy to lose 
sight of the final aims of such work. It is therefore necessary to pause 
once in a while in order to make a survey of its present status. 

THE STATUS OF SYSTEMATICS 

Systematics is in a more diflacult position than most other sciences. 
It seems as if all the conclusions and generalized laws derived from a 
study of taxonomic material were dependent to a very high degree on 
the nature of this material and the background of the student. The 
result is that — partly from the variety of the material, too — we have an 
almost unlimited diversity of opinion in answer to such questions as; 
What is a species? How do species originate? Are the systematic cate- 
gories natural? and so forth. There is no uniform point of view among 
taxonomists; in fact, in regard to many of these questions there may not 
even be a majority opinion. This situation is revealed rather clearly if 
we study the discussions of the twenty-two contributors to The New 
Systematics (Huxley 1940) or the various recent species and speciation 
symposia in The American Naturalist (1940, 1941). This is true not only 
for the plant taxonomist versus the animal taxonomist, or the para- 
sitologist versus the zoologist, but also for the opinions of the taxonomist 
of fresh-water organisms as compared with those of the student of 
terrestrial animals, or of the students of continental and insular faunas, 
and even of different taxonomic groups — let us say the opinions of the 
taxonomist of diptera and mollusca, as compared to those of the orni- 
thologist. This situation indicates clearly that no one taxonomist can 
yet attempt a broad outline of the generalizations deducible from sys- 
tematics that is acceptable to all his fellow taxonomists. 

The reasons for this vast diversity of opinion are not yet quite clear. 
It is unquestionably true that species limits are strongly affected by 
ecological factors and that consequently parasites and other ecologically 
specialized forms show a taxonomic behavior and course of speciation 
different from that of widespread, polyphagous animals, such as birds. 
The influence of these ecological factors will be discussed in greater de- 
tail in a later chapter. However, equally or even more important for the 
opinions of a taxonomist on speciation is the degree to which the group 
with which he is working is known. It can be claimed without exaggera- 
I tion that lasting generalizations can be based only on systematic groups 
j that are well known. Recent work on the mosquitoes of the Anopheles 
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mMulipennia group, on fresh-water fishes, on ^‘biological races'' of cer- 
tain plant pests, and the like have proven this point abundantly. 

There is little doubt that birds are better known taxonomically than 
any other class of animals and that in consequence taxonomic interpre- 
tation in ornithology has reached a degree of refinement which is not 
equaled in any other group. It is estimated that less than 2 percent of 
the total number of species of birds of the entire world remain still un- 
known. Nearly every species is well represented in one or another 
museum, and for the last forty years most of the work has centered on 
a study of infraspecific groups. A few genera of mammals, butterflies, 
beetles, mollusks, and so forth are as well known as the most thoroughly 
studied avian genera, but our knowledge of most systematic groups of 
animals is very incomplete; this is particularly true of most inverte- 
brates. 

How little we know of certain groups of animals is best indicated by 
the many recent discoveries in the field of systematic zoology, such as 
the living Coelacanthid fish, Latimeria (i939\ or the new class of 
animals, the Pogonofora (Johansson 1937). But in addition to these 
spectacular novelties, new discoveries are made daily, even in compara- 
tively well-explored areas. A striking illustration of this is presented by 
Remane's work on the microscopic marine fauna of the Kieler Bucht, 
an area previously considered to be exhaustively known (Remane 1933). 
By thorough search and with the application of new methods, Remane 
found in ten years 300 new species, including representatives of 15 new 
families. Among them were several entirely new types. In a revision of 
the small red mites (Amystidae) that are so common in gardens, Oude- 
mans (1936) added 10 new genera to the known 5, and 14 new species 
to the well-known 12; 24 additional species of the family are insuflS- 
ciently known, and nobody knows how many species are still undis- 
covered. In his monograph on the South American weevil genus Cono- 
tracheliLSf K. Fiedler (1940) lists a total of 547 species, of which 404 (74 
percent) are described by him as new. A reviewer of the work (Marshall) 
estimated that this amounted to approximately one-fourth of the prob- 
able 2,000 species of this genus. Kinsey (1936) added to the known 50 
species of a subgroup of American Cynipid gall wasps no less than 36 
additional species during two collecting trips. Dr. Gertsch, of the Amer- 
ican Museum, has described some 500 new species of North American 
spiders during the last eight years and he, as well as three or four other 
arachnologists, find every year some additional new species, even in such 
well-worked areas as New England or New Jersey. He estimates that 
altogether less than 25 percent of the spiders of the earth have so far 
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been described. In the fruit fly genm Dr^ophila only 28 Nearctic species 
were known in 1921, as compared to^Hjll^han 75 known today. Of the 
44 species which are known to occur in Texas only 7 were known in 1921, 
the other 37 being discovered during the last four years, and no less than 
21 of these were new to science (Patterson in litt., Feb., 1941; see also 
Patterson 1942). Had not this genus such prominence in genetics, we 
would not even suspect this abundance of species. There are many large 
taxonomic groups, such as the parasitic hymenoptera and certain 
families of flies and of minute tropical beetles, in which the number of 
known species is estimated to be less than 10 percent of those probably 
existing. 

The specialist who deals with such groups is happy if he can keep step 
with the unworked material that continues to pour in. Only seldom does 
he have time to go beyond the purely descriptive phase of work and try 
his hand at putting some order into the growing ^‘heap^^ of species. 
Newly discovered species are likely to upset his ideas any day. He is 
forced by necessity to do ^^old'^ systematics. 

The Old and the New Systematics 

Huxley recently introduced the happy term ^^New Systematics^' 
(Huxley 1940: Foreword) and even though he says: ^‘the new systematics 
is not yet in being: before it is born, the mass of new facts and ideas 
which the last two or three decades have hurled at us must be digested, 
correlated, and synthesized," I feel that the outlook and the technique 
in the more mature taxonomic groups might well be characterized by 
the term '^new systematics."^ Naturally, there is no sharp line of 
demarcation between the two, for no taxonomic work is all old or all 
new systematics. The two are always mixed in varying proportions. 

If we had to characterize the differences between old and the new 
systematics, we might do it as follows: 

The old systematics is characterized by the central position of the 
species. No work, or very little, is done on infraspecific categories (sub- 
species). A purely morphological species definition is employed. Many 
species are known only from single or at best a very few specimens; the 
individual is therefore the basic taxonomic unit. There is great interest 
in purely technical questions of nomenclature and *^types." The major 
problems are those of a cataloguer or bibliographer, rather than those 
of a biologist. 

‘ The terms systematics and taxonomy are considered by me as approximately 
s)monymous. In America the term taxonomy seems to be preferred, in the rest of the 
world the term systematics seems to be more widely used. The expression “new 
syTBtematics" had been used by Hubbs (1934) already 6 years earlier. 
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The new systematics may bfj^&cterized as follows: The importance/ 
of the species as such is redi^SpKice most of the actual work is done 
with subdivisions of the species, such as subspecies and populations. 
The population or rather an adequate sample of it, the ''series'^ of the 
museum worker, has become the basic taxonomic unit. The purely 
morphological species definition has been replaced by a biological one, 
which takes ecological, geographical, genetic, and other factors into con- 
sideration. The choosing of the correct name for the analyzed taxonomic 
unit no longer occupies the central position of all systematic work and 
is less often subject to argument between fellow workers. The material 
available for generic revisions frequently amounts to many hundreds or 
even thousands of specimens, a number sufficient to permit a detailed 
study of the extent of individual variation. 

Nobody can foresee what refinements of technique and what changes 
in point of view the future may have in store. What we consider as new 
systematics in the year 1941 may, indeed, be very old systematics fifty 
years hence. The trend which I have tried to express by comparing the 
characteristics of old and new systematics is, however, unmistakable. 
It is primarily characterized by the fact that the new systematist tends to ■ 
approach his material more as a biologist and less as a museum cata- 
loguer. He shows a deeper interest in the formulation of generalizations, 
he attempts to S3aithesize and to consider the describing and naming 
of a species only as a preliminary step of a far-reaching investigation. | 
Whether a worker will apply the methods of the old or the new system- 
atics to his own work depends as much on the available material and 
the degree of knowledge attained in his group as on his training and 
point of view. One of the finest entomological monographs, Hubbell^Sj 
(1936) revision of the cave cricket genus Ceuthophilus shows this very, 
clearly. Hubbell has modern ideas and tries to apply modern methods,! 
but more than 50 percent of the treated forms are described as new by| 
him in the revision and some of them from single specimens or from single 
localities. No collections at all were available from vast stretches of 
North America. No wonder that only the beginning was made of a study 
of geographical variation and that the interrelationship of many forms 
remains obscure. The outlook of a systematist is correlated very closely 
with the amount of material he has examined. 

The material available for taxonomic work. — Even in well- worked orders 
and classes, as for example birds, new species and subspecies are oc-| 
casionally described on the basis of a single or just a few specimens. In 
general, however, every species is represented by a series that is suffi- 
ciently large to illustrate the principal trends of variation. The Ameri- 
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can Museum of Natural History in New York has what is probably the 
largest and most complete bird collection in the world. This collection 
comprises about 800,000 skins, or about 100 skins per species, and 
about 30 specimens per subspecies. This is the material of a single 
museum, but, if a specialist wants to examine a genus critically, he can 
draw on the resources of sister institutions and borrow their material. 
He will rarely find it diflScult to gather 500 specimens or more of a poly- 
typic species. For his recent monograph of the diflSicult warbler genus 
Phylloscopus, with 66 forms in 30 species, Ticehurst (1938a) examined 
9,300 specimens, that is, an average of 140 specimens per form; and 
A. H. Miller {1941) examined 11,774 specimens of the 21 forms of the 
genus JuncOj including 4,552 birds from the breeding grounds. 

There are, of course, certain groups of nocturnal or otherwise secretive 
or rare species of which it is impossible to obtain large series of speci- 
mens. In general, the conclusions of the bird taxonomist are founded on 
the basis of abundant material coming from localities throughout the 
range of the species. The same can be said for some invertebrate groups. 
Miiller and Kautz (1940) based their study of the two sibling butterfly 
species Pieria napi and hryoniae on over 50,000 specimens. Kinsey 
(1936) reports that he examined 35,000 insects and 124,000 galls in 165 
(sub-)species of CynipSj an average of 214 insects and 755 galls per 
(sub-)species. Crampton (1932), in his study of the Partula snails of 
Moorea, examined 116,166 specimens of 10 species, and the more com- 
mon and more variable European snails are present in collections by the 
thousands. I have quoted these figures to indicate, first, that such copious 
material permits the introduction of biometric and other modern meth- 
ods and, second, that the systematic categories in such well-worked 
groups are based on ample material and not on single aberrant speci- 
mens. The modern taxonomist often has as much material at his disposal 
as the geneticist has in breeding experiments. Our discussion on varia- 
tion in the following chapter will make it very clear why the systematist 
needs such copious material. 

THE FUNCTIONS OF THE SYSTEMATIST 

There is considerable doubt in the minds of some taxonomists and 
even more in the minds of most nontaxonomists as to what the real 
functions of the systematist are. Some laboratory men and ecologists 
seem to think that the taxonomist should content himself with identify- 
ing material and with devising keys. Beyond that he should keep his 
collections in good order, describe new species, and have every speci- 
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men properly labeled. According to this view systematics is the mere ) 
pigeonholing of specimens. No taxonomist will deny that these particu- 
lar tasks are part of his job, and the worker in the less-known groups 
may not be able to go beyond the cataloguing phase of taxonomic work. 
The syatematist of the better-known groups, however, will not be 
satisfied with such a limitation; for him systematics is more than an 
auxiliary science. He inquires not only into the “What?'' but also as 
to the “Why?” 

After all, it must not be forgotten that the average taxonomist is 
more than the mere caretaker of a collection. In most cases he collects 
his own material, he studies it in the field, and develops thereby the 
technique and point of view of the ecologist. Furthermore, most of the 
younger systematists have had a thorough training in various branches 
of biology, including genetics. This experience, both in field and labora- 
tory, gives the well-trained systematist an excellent background for 
more ambitious studies. It is only natural that he cannot and will not 
content himself with being merely a servant to some other branch of 
biology. Systematics is for him a full-fledged science. 

We can therefore say that systematics has both a practical side, per- 
taining to the identification and classification of specimens, and a 
theoretical one, inquiring into the origin and nature of the units with 
which it works. The field of activity of the systematist can perhaps be 
subdivided under three headings: 

Identification {analytical stage ). — It is the basic task of the systematist 
to break up the almost unlimited and confusing diversity of individuals 
in nature into easily recognizable groups, to work out the significant 
characters of these units, and to find constant differences between 
similar ones. Furthermore, he must provide these units with “scientific” 
names which will facilitate their subsequent recognition by workers 
throughout the world. 

Even this “lowest” task of the taxonomist is of tremendous scientific 
importance. The entire geological chronology hinges on the correct 
identification of the fossil key species. No scientific ecological survey 
should be carried out without the most painstaking identification of all 
the species of ecological significance. Even the experimental biologist 
has learned to appreciate the necessity for sound, solid identification 
work. There are a great number of genera with two, three, or more very 
similar species. Such species very often differ more conspicuously in 
their physiological traits than in their morphological characters. It has 
happened again and again that two workers have come to different 
conclusions concerning the physiological properties of a certain species 
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because, in fact, one worker was working with species A and the other 
worker with species B, or with a mixed stock of A and B. Every biologist 
will recall such cases in his own field. 

Classification {synthetic stage). — The recognition and accurate descrip- 
tion of the species is the first task of the systeinatist. But should he stop 
there, he would soon be confronted with a chaotic accumulation of 
species descriptions. To prevent this, the systematist must try to find 
an orderly arrangement of the species; he must create and arrange 
higher categories; in other words, he must devise a classification. This 
is the second task of the taxonomist. The devising of a classification is, 
to some extent, as practical a task as the identification of specimens, but 
at the same time it involves more speculation and theorizing. The 
taxonomist must decide whether two similar forms should be considered 
one species or two. He must also determine whether the similarities of 
two species are due to convergence of habitus or to close phylogenetic 
relationship. There is the question whether the higher categories repre- 
sent phylogenetic groups or not. Do genera and famili(^s have an objec- 
tive reality or are they artificial creations of the taxonomist? 

Such are the questions that confront the systematist who is t rying to 
classify the bewildering multitude of organisms and inevitably they lead 
to a study of the factors of evolution. 

Study of species formation and of the factors of evolution. — Work in this 
field comprises the third task of the systematist. It is here that he comes 
into closer contact with the other branches of biology, with genetics 
and cytology, wit h biogeography and ecology, with comparative anatomy 
and paleontology. All these sciences pursue the study of evolution in 
their own way, with their own questions and with their own methods. 
One of the principal differences, for example, between the systematist 
and the geneticist is that the geneticist can test his conclusions by 
experiment, whereas the systematist relies on the implications of ob- 
served data. He can therefore say very little either on the origin or the 
mode of inheritance of taxonomic characters. On the other hand, the 
geneticist has difficulties in duplicating in the laboratory the conditions 
under which speciation proceeds in nature. Many animals cannot be 
kept in a laboratory, and others will not reproduce in captivity. Further- 
more, the enormous time which the thorough genetic analysis of a 
species requires (it is still very far from complete in the two best-studied 
organisms, the fruit fly Drosophila melanogaster and the corn plant 
Zea mays) makes it impossible for the geneticist to study more than a 
very small proportion of the known organisms. Up to the present time 
only about one five-hundredth of one percent of the known species of 
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animals has been studied with any degree of thoroughness by geneti- 
cists. It is therefore obvious that the systematise can and will have to 
fill many gaps. But there is a more basic difference between the ap- 
proach of the geneticist and the taxonomist to the problems of evolu- 
tion. The geneticist, in his analysis, seeks the ^^biological atoms,^^ the 
genes and other basic units. The taxonomist, on the other hand, works 
with much more comprehensive entities: with the carriers of taxonomic 
characters, with individuals, populations, species. There is, of course, 
some overlapping of the two methods, but the difference is striking 
enough to lead to a considerable difference in outlook and sometimes 
even in conclusions. 

The systematist who studies the factors of evolution wants to find out 
how species originate, how they are related, and what this relationship 
means. He studies species not only as they are, but also their origin and 
changes. He tries to find his answers by observing the variability of 
natural populations under different external conditions and he attempts 
to find out which factors promote and which inhibit evolution. He is 
helped in this endeavor by his knowledge of the habits and the ecology 
of the studied species. 

THE PROCEDURE OF THE SYSTEMATIST 

A discussion of the principles of systematics is not a suitable initiation 
for the beginner into the practical methods of taxonomic work. Even 
though there is not available, in the English language, a good introduc- 
tion to the methods of systematics, comparable to Rensch^s Kurze 
Anweisung fur zoologisch-systematische Studien (Rensch 1934), Ferrises 
book (1928) can be recommended, and Schenk and McMasters (1936) 
also give some useful hints, although mostly on questions of nomen- 
clature. The best textbook in most systematic groups is some particu- 
larly good monograph in that group which, by its thoroughness and lucid 
treatment, sets an example of method. If none is available, a work in 
some related group can usually be used to advantage. In addition to the 
short preliminary papers (species descriptions, and the like), there are 
two principal categories of taxonomic publications: faunistic papers 
and generic (or species or family) monographs. The results of expedi- 
tions are usually presented as faunistic reports, and the resident natural- 
ist of a certain region also favors this kind of work (‘docal list^’). Such 
papers may be a mine of information for the biogeographer and the 
ecologist, but the student of evolution usually finds more of interest in 
monographs of single systematic groups. As the collections in the 
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museums of the world grow, it becomes increasingly possible to prepare 
such monographs, and their number constantly grows. 

But before our knowledge of a species reaches the point where it can 
be included in a monograph, it has to be subjected to a definite process 
of study, of which I will now give a short outline. 

The collecting of material . — The time is past in which the taxonomist 
depended completely on random collections made by expeditions or 
by all-round collectors. The modern museum worker attempts to collect 
at least part of his own material. Admiral H. Lynes, who is interested 
in the African warbler genus Cisticolay with some forty species, made a 
whole series of collecting trips to nearly every corner of Africa in order 
to get the kind of material he needed for his painstaking monographic 
studies of these birds. He combined his collecting with a detailed study 
of the ecology and the habits of these birds, of their song, nest con- 
struction, and so forth. The result is that the genus Cisticolay formerly 
the despair of the bird taxonomist, is now well understood (Lynes 1930). 
A. C. Kinsey applied himself in a similarly diligent manner to the gall 
wasps of the genus Cynips. In numerous collecting trips, extending as 
far as Mexico and Guatemala, he explored the majority of the favorable 
habitats of species of this genus and returned with literally hundreds of 
thousands of specimens for study (Kinsey 1936: 18-21). Collecting 
activities were, in these cases, limited to certain genera; in other cases 
they were restricted to geographical regions. The most ambitious under- 
taking along these lines was probably the Whitney South Sea Ex- 
pedition, operated under the auspices of the American Museum of 
Natural History in New York, with funds donated by the Harry Payne 
Whitney family. This single expedition visited practically every island 
in the South Seas, obtaining nearly complete bird collections and fair 
collections of other material. It operated continuously from 1921 to 
1934, and its work was continued by single collectors into 1940. The stu- 
dent of such collections has the gratifying feeling that it is unlikely 
that his findings will be upset by future discoveries. A considerable 
portion of the subsequent discussions are based on the magnificent 
material of the Whitney South Sea Expedition, which I was fortunate 
to be able to study. 

Identification. — The first step in working out such a collection is the 
sorting out of individuals into groups which the worker considers to 
belong to different species; the second step is the identification of each 
of these species. Identification means comparison with all other known 
similar forms until one is found with which it seems to agree. If such a 
form can be found, this first task is completed; the species has been 
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identified. Very frequently, however, particularly in less well-known 
groups of animals, some of the investigated specimens do not agree 
with any described species. Here is where the difficulties of the con- 
scientious systematist begin. Before he can proceed to describe his 
specimens as a new species, he must eliminate a number of other pos- 
sibilities. 

There is considerable individual variation in most animals. Perhaps 
his specimens are just extreme variants? Or there may be an undescribed 
sex or age class, or an unknown ecotype. A study of the equivalent 
variants of the already known species of the genus generally answers 
such questions. If not enough material is available the taxonomist often 
must hazard a guess. Even an experienced worker may make the wrong 
decision in such situations. If all the other possibilities have been elimi- 
nated and there is no more doubt possible that the unidentifiable speci- 
mens belong to a previously unknown species, the systematist must 
prepare a scientific description. 

The description , — The primary purpose of a description is that it 
shall serve as a diagnosis. It is therefore requisite that a description in- 
clude all the information which will guarantee the identification of the 
species (or whatever taxonomic group is involved) to which it refers. 
On the other hand — and this is an important point which beginners 
and unskillful workers often overlook-rthe description of species ini 
well-known groups should not be burdened with superfluous informa- 
tion!. The description of a new species of Drosophila does not and should i 
not contain a reference to any character that is common to all known 
species of this genus. One of the principal advantages of the binary sys- 
tem is that it permits the omission from the description of all characters 
common to the genus, family, and higher categories. To include these 
‘‘higher” characters in the species diagnosis would only obscure the true 
diagnostic features. A subspecies diagnosis is likely to be even shorter, 
since the number of characters that vary within the species is generally 
smaller than that of the characters differentiating two good species. 
“Like the typical race, but wing 84-94 mm., instead of 72-82 mm. 
may be a sufficient diagnosis of a new subspecies of bird. The diagnosis 
should include a direct comparison with the nearest relative. This is, 
in fact, required by the emended International Rules of Zoological 
Nomenclature,* to make a description valid. 

* ‘^Article 25c. — No generic or specific name, published [as new] after December 
31, 1930, shall have any status of availability (hence also of validity) under the 
Kules, unless and until it is published either 

I.— with a summa^ of cnaracters (seu diagnosis; seu definition; seu condensed 
description) which ffinerentiate or distinguish the genus or the species from other 
k or species; etc.” 
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The workers in each taxonomic group have their own conventions as 
to how descriptions are to be prepared and what characters should be 
discussed. Ferris (1928) gives some valuable suggestions on this point, 
sin many groups of insects and other invertebrates only an illustration 
ieither of the entire animal or of its genital armature can supply sufficient 
^information to insure correct identification. Not even the lengthiest 
jdescription can replace this^>In brightly colored animals, such as certain 
coral fishes, butterflies, birds, and so forth, colored plates are desirable. 

A detailed and complete description is needed if a very distinct species 
or a new genus is involved. Likewise we should demand detailed species 
description in all those genera and families in which only a minor portion 
of the probably existing number of species has as yet been described. 
It is obvious that it is impossible in such groups to decide which of the 
many characters of an animal will serve to distinguish it from its near- 
est (still unknown) relatives. In actual taxonomic practice it turns out 
that descriptions of new species in such insufficiently known groups are, 
unfortunately, generally very sketchy and not in the least diagnostic. 
This is particularly true for many entomological species descriptions. 
Such species will eventually be identifiable only by the reexamination 
of the type specimen. Hence the importance of types. 

The diagnosis should not be based merely on the type specimen, but 
rather on the entire topotypical series. Individual variation should be 
mentioned and should be described and treated statistically, if pro- 
nounced. If there are color phases, their exact proportion in the available 
material must be stated, and if there are specimens which do not fit the 
diagnosis they should not be ignored or suppressed, but treated in 
particular detail. When the information is available, it should be stated 
concisely whether or not intergradation or hybridization occurs with 
neighboring races or species, also where this occurs, and how large a 
percentage of the population is affected. If populations are included with 
a subspecies which differs slightly from the topotypical population, such 
differences should be described. If possible, the description should con- 
tain a series of measurements, including both minimum and maximum, 
as well as the mean. In birds, for instance, the length of the wing is the 
standard measurement and to some extent an index of general size. We 
would state, for example: Wing, 126 ^ 117-130 (122.7), 9$ 105-115 
(111.2) mm. These measurements have numerous advantages, such as 
the possibility of exact comparison and that of treatment by statistical 
methods, if sufficient material is available. For a detailed treatment of 
biostatistics, see Simpson and Roe (1939). See also p. 135. 

I might summarize these remarks by saying that the principal fea- 
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ture of the description of a new species is not its naming, but rather the 
working out of the characteristic attributes which will enable us to 
identify and classify it. 

Types , — Descriptions are often ambiguous, and the describers of new 
species frequently fail to state the basic diagnostic characters. As later 
authors discover '^new'^ species in the same group, a question always 
arises as to which of the two or three species the first author had before 
him . This can be decided quickly if the original, the ‘'type,’^ material 
is still available. 

Formerly, the specimens on which the original description of a species 
was based were designated as the cotypes. Modern authors select a 
single specimen and designate it as the type (holotype), in order to 
eliminate a possible source of trouble. This is necessary, because it 
frequently happens in difficult or insufficiently known groups that two 
or more similar forms or even species are mixed in the original type 
series. Every worker is able to cite such mistakes in his own field; they 
happen occasionally even to the most careful specialists. For example, 
the species in the bird genus Collocalia (cave swiftlcts) are exceedingly 
similar, and the foremost student of this genus had two different species 
in the type series (para types) of at least three of his new species. For- 
tunately, in every one of these cases only a single specimen was desig- 
nated as the type, and no confusion of names resulted when the puzzle 
was finally solved. 

The one and only function of a type is to fix the correct name to a 
definite individual and thus to the species or subspecies to which this 
individual belongs. It has nothing to do with the validity of a species 
or with its limits. It is not necessarily the most typical specimen of the 
species (such probably does not exist), and therefore it should not form 
the sole basis of the description. 

The type is typical of nothing. It is only an indication of which groups of 
individuals must be associated with a particular specific name. It is the 
final court of appeal for purposes of nomenclature only. . . . There can be 
no possible reason for having any other type except a single one for each 
species name [Williams 1940]. 

If the characters of a form are better expressed in the female or in a 
larval stage, it is advisable to choose a female or larval stage as type. 
The type should, if possible, be chosen from the locality which the 
author considers to be inhabited by the most representative population 
of the species or subspecies. By choosing a single type specimen, the 
author at the same time fixes a definite type locality. Material subse- 
quently collected in the same locality is called topotypical. Such mate- 
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rial is important because the populations of no two localities seem to be 
exactly alike, and therefore only material from the type locality has the 
typical characteristics of the subspecies or species. 

What should be named . — Only such subspecies or species should be 
named as are really distinct from others. This admonition may sound 
superfluous, but if it were so we would not have so many synonyms for 
most of our species. The first rule, which cannot be emphasized often 
enough, is that we should name populations, not individuals, even 
though an individual be chosen as type. Therefore, no individual color 
variations or other aberrations should be named. In the case of sub- 
species, it is a good convention that at least 75 percent of the individuals 
of one subspecies (or of the available specimens) should be separable, on 
the basis of their diagnostic characters, from the specimens of the most 
similar subspecies. Ecological variants that are likely to be merely 
phenotypic modifications should not be named. At any rate the author 
of a new name should always keep in mind Bather’s very true words 
(1927) : ^^A name once published is irrevocable, a permanent addition to 
I the labour of future investigators. Let us beware of adding needlessly to 
I the burden of posterity!” The quality of a taxonomist’s work is meas- 
L ured not so much by the number of new forms which he describes as by 
[ the percentage of synonyms among them. The works of the really great 
taxonomists prove that the making of synonyms can be avoided to a 
large degree. The taxonomist should never lose sight of the fact that 
he does not have ^^the species a” before him, but only a small and in- 
adequate sample of the natural population which it represents. 

Nomenclature . — Each animal has its scientific name. The applica- 
tion of this name is subject to an elaborate set of regulations, the “In- 
ternational Rules of Zoological Nomenclature,” published as a supple- 
ment to the Proceedings of each International Congress of Zoology. 
They are explained in more detail by Schenk and McMasters (1936). 
The basic purpose of these rules is to insure stability of nomenclature 
and to prevent authors from being too arbitrary in their choice of names. 
It was thought by the originators of these rules that this end could best 
be attained if the name first given an animal be chosen as its permanent 
designation. This admirable law of priority works very well in theory, 
but it has proved to have certain practical drawbacks. It happens not 
infrequently that the earliest name of an animal was published in an 
obscure booklet, where it has escaped detection for a hundred years or 
more, or that the original description was misinterpreted for two or 
three generations. The unhappy consequence of such situations is not 
only that familiar names had to be changed, but, what is worse, that 
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the basic principle of the rules, that of stability and permanence, has 
been sacrificed to the purely arbitrary rule of priority. An additional 
weakness of the rules is that too much leeway is permitted certain un- 
scrupulous authors, who derive pleasure from unsettling current nomen- 
clature by arbitrary actions. There is a strong sentiment among the 
saner taxonomists that something should be done to minimize these 
difficulties, but no agreement has yet been reached. It has been sug- 
gested, for example, that much name-changing could be prevented if 
there were a few simple exceptions to the rules of priority: for example, 
that no name in general use for thirty years or more could be replaced 
by an older synonym {nomen oblitum), or that no name which has been ■ 
generally applied to one unit (for ten or more years) could be trans- 
ferred to a different one (see Heikertinger 1935, similar suggestions). 
The majority of the zoologists are in favor of a few simple restrictions of 
this kind, which would not basically interfere with the generally adopted 
and otherwise sound rule of priority. It will be one of the most important 
tasks of the next International Zoological Congress to adopt such modi- 
fications and to rewrite some of the obscure passages of the code. 
Fortunately, in some groups, as, for example, birds, the unearthing of 
old names and other major nomenclatorial upheavals is largely a matter 
of the past, and a condition of comparative stability has been attained. 

The systematic category . — In Linnseus’s day an author did not have 
much diflSculty when it came to choosing the lower category in which to 
place a new animal (or plant); it was either a new species or a new 
variety. With the refinement of modern systematic terminology, it is no 
longer sufficient to point out that the animal in question is different 
from all others that have been described before. It must also be deter-| 
mined whether it is really a good species, a geographic or ecological race,! 
or merely a hybrid or an individual variant. These questions will be 
discussed in more detail in later chapters, as will also the question of the 
higher categories and their meaning and the significance of biological 
classification in general. 



CHAPTER II 


TAXONOMIC CHARACTERS AND 
THEIR VARIATION 


The sybtematist who wants to establish the identity of an animal 
and find its place in the system must have some clues. These clues are 
the taxonomic or species characters. They are the building stones with 
which the structure is erected which we call ^^the natural system.'^ A 
special chapter devoted to their discussion seems to be justified. 

TAXONOMIC CHARACTERS 

The primary value of taxonomic characters is diagnostic. Beyond 
this, they present some excellent clues to the paths of speciation. Simple 
taxonomic characters often have a simple genetic basis, and by tracing 
the fate of the taxonomic characters we can derive certain conclusions 
concerning underlying genetic factors. But let us first look at taxonomic 
characters from a purely practical viewpoint and study their diagnostic 
value. 

Diagnostic characters . — If we accept a recent estimate, we might as- 
sume that a higher animal may have in the neighborhood of 10,000 
genes, while the number of characters is limited only by the patience of 
' the investigator. Even two related species of the same genus may differ 
in from 400 to 600 characters. Zarapkin (1934) in a study of two races 
of the beetle Carahus cancellatus studied 166 characters, but these were 
only features relating to the sculpture and the proportions of the chitin- 
ous shell. In addition to such morphological characters, there exist all 
sorts of physiological differences, particularly threshold differences and 
rates of growth and development, as well as inherited ecological adapta- 
tions and psychological reaction norms such as differences in instinctive 
behavior. 

It would require more than a lifetime to prepare an exhaustive species 
description which would contain references to all these characters. And 
then it would be so voluminous that no one would be willing to publish 
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it. But not only is such a complete species diagnosis impractical, it is 
also unnecessary, since even a small fraction of the morphological differ- 
ences is sufficient, in most cases, to insure the correct diagnosis. In fact,; 
the inclusion of physiological differences in a diagnosis is actually un-| 
desirable, since most identifications have to be made from dead specie 
mens. The most practical diagnostic characters are those that relate to 
some easily visible structure with low variability. This character may be, 
and very often is, of no particular importance to the species, but it 
serves as a marker to the taxonomist. To illustrate this point I might 
make the following comparison: If I want to direct a person to one of 
two houses on a street, I need not go into a detailed description of all 
of its features; I merely say: ^Tt is the white, not the red one!'’ Color 
is a rather superficial attribute of a house. Actually the white house may 
be built of wood, the red one of stone or brick; the white one may have 
six rooms, the red one ten rooms, and so forth. Even if I paint the red 
house white, it would remain basically different from the other white 
house. The relationship of the diagnostic characters of an animal to its 
other species characters is frequently of an equally superficial nature. 
It is necessary to emphasize the biological insignificance of many of the 
^^key characters” or ^'diagnostic characters,” because this is not suffi- 
ciently realized by taxonomists, or by nontaxonomists. If one of twoi 
related genera of insects is diagnosed as having two extra bristles on the 
thorax, this does not mean in the least that this is the basic difference 
between these genera. It may be the least important one, but it may be • 
the one which can be recognized most quickly by the taxonomist. 

The taxonomist’s viewpoint is much like that of the Drosophila genet- 
icist who prefers to work with conspicuous mutations affecting easily 
distinguishable characters of external morphology, in the conviction 
that the really important physiological mutations follows the same 
genetic laws. In both fields the conspicuous character is preferred to 
the cryptic one, and there is much evidence from both fields that this 
choice of the worker is permissible, since no underlying difference has 
been found in regard to the genetic basis and the physiology of the two 
kinds of characters. 

Summarizing this discussion, we might say that the species char-; 
acters consist of a few diagnostic and many other characters. The genet- 
icist should remember that the genetic analysis of the few diagnostic 
characters of a species by no means completes the genetic analysis of 
the species. The taxonomist, on the other hand, should not forget that 
two populations are by no means identical just because they do not 
differ in any obvious characters. Certain differences have been found 
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between all populations subjected to a really thorough genetic or bio- 
njetric analysis. 

What is a taxonomic character? — We understand by taxonomic char- 
acter any attribute of an organism (or better, of any group of organ- 
isms) by which it may differ from other organisms. Such characters are, 
in general, morphological ones, that is, they refer to size, proportions, 
structure, coloration, or color pattern. These are the characters that are 
most convenient for the taxonomist, because they are generally pre- 
served in the dead specimens with which the taxonomist usually has to 
work. However, now that the systematic categories are better known, 
it has been found that these often rather superficial morphological char- 
acters are generally correlated with a considerable number of physiologi- 
cal and biological characters. In modern taxonomic publications we find 
more and more references to characters which are not purely morphologi- 
cal, such as ecological requirements, migratory status, pairing habits, sea- 
sonal occurrence, vertical distribution, and so on. In fact, these biological 
differences are often more striking than the morphological ones. ^The 
courtship behavior, the genera! habits, and the range of habitats of 
Cepaea horiensis [as compared to the very similar species C. nemoralis] 
are just as diagnostic as are the shape of its spire, the structure of its 
radula or the number of its mucous glands'’ (Diver 1939). The slugs are 
a group of animals which, although morphologically very similar, tend 
to have color phases and varieties, most of which had originally been 
described as good species. No two taxonomists could agree as to which 
of these forms were good species and which were not. In a study of the 
pairing behavior of these slugs, Gerhardt (1939) showed that the dis- 
plays that lead up to copulation are exceedingly complicated and con- 
sequently highly specific. In the genus Limax six definite pairing types 
could be determined, which apparently correspond to six good species. 
Many of the other described ^ ^species" of this genus are probably noth- 
ing but color varieties. In related genera (for example, Agriolimax) a 
similar clarification of the system was made possible by a study of the 
copulation type^ln the Old World warblers it is very difficult to sepa- 
rate the genera Sylvia and Phylloscopus on the basis of morphological 
characters. Sylvia nana and Phylloscopus collybita are much more alike 
than some of the species of Phylloscopus. But according to Ticehurst 
(1938a), “it seems that the genus Phylloscopus is differentiated from 
Sylvia more by the habits and breeding economy than by any structural 
differences." The nest of Phylloscopus is always domed and at or near 
the ground, while that of Sylvia is cup-shaped and off the ground. “There 
is one further distinction: so far as I have seen in the genus Sylvia the 
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newly hatched chick is devoid of down, whereas, so far as I have seen, 
in Phylloscopus down is always present/^ In other cases differences or 
similarities of the ecto- or endoparasitic fauna of two forms have helped 
in determining their relative taxonomic status. Emerson (1935) found 
morphological differences between two highly similar species of termites 
only after he had received a clue as to their distinctness by differences 
in the termitophile beetle fauna of their respective nests. 

( In conclusion it may be said that, although most of the taxonomic 
characters are morphological ones, the refinements of taxonomic tech- 
nique and our increasing knowledge of the living animals have made 
almost any attribute of a species (or other category) usable as taxonomic 
character. 

Taxonomic characters and classification . — Any system or classification 
is based on the proper evaluation of taxonomic characters. The more 
characters two animals have in common, the closer we generally group 
them in the system. Systematic categories are usually formed by uniting 
lower categories that share certain characters. We shall not, at this time, 
enter into a philosophical discussion concerning the validity of this pro- 
cedure, but we shall treat some of the practical difficulties which con- 
front us in the evaluation of taxonomic characters (see also Rensch 
1934:88-96). 

Linnseus and most of his followers for almost a century classified birds 
by purely adaptational characters. Birds with webbed feet were put 
into one category, birds with a hooked bill into another, and so on. 
Eventually it was realized that characters that were adaptations to one 
specific mode of living were not only subject to rapid changes by selec- 
tive forces, but also could be acquired in different unrelated lines. Such 
characters have only a limited value in taxonomic work. Instead, we 
must search for characters that tend to remain stable, characters that 
are phylogenetically conservative. 

It will usually be found, on closer examination, that good characters 
are correlated to a number of other characters. Where there is a break 
between two systematic categories, this break will generally affect a 
whole group of different characters. It is thus important to base sys- 
tematic categories and classification schemes on as many characters as 
possible. The fewer the characters used, the greater is the danger that 
mistakes in the classification will be made. 

It happens not infrequently in animals that a character which is quit^| 
constant over a number of genera or families behaves aberrantly in a 
single species or genus. A study of all the other characters of the aberrant | 
form proves that it is very closely related and that it would be a mistake 
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to place too much weight on the single character. It can therefore be 
said that, even though a certain character is widespread in a certain 
taxonomic group, this does not prove that all forms that lack this char- 
j acter do not belong to this group. Rensch (1934:94) illustrates this with 
the following examples : 

(i) The genera of Clausiliidae (Snails) are characterized by the folds in 
the shell mouth. The number, direction and length of these folds is of such 
constancy, that this character is frequently sufficient even for the identifica- 
tion of species. Similar folds have a much lower taxonomic value in the 
closely related family of the Pupillidae, and in some species (for example 
Vertigo arciica) the number of folds may vary between one and four. One 
would have to split Vertigo arciica into four species if one were to give the 
folds a taxonomic value equivalent to that in the Clausiliidae. 
f (2) The presence of a cleaning apparatus on the hind legs is a taxonom- 
ically very important character in the hyrnenoptera, on the basis of which 
they are divided into two major groups, the diplocnemata (with) and the 
haplocnemata (without the apparatus). This character breaks down in the 
family of the Methocidae, which have the apparatus, even though it is in- 
disputable from all the other taxonomic evidence that this family belongs to 
the mutillids, a subgroup of the haplocnemata. 

Rensch quotes a number of other cases (and many additional ones are 
recorded in the literature), all of which show that a character which is 
of the greatest taxonomic value in one group is not necessarily of equal 
value in other closely related groups. This is the reason why it is so 
important that all classifications be based on the greatest possible num- 
ber of different characters. Such a procedure will offer the best guarantee 
against artificial systems. Every systematist knows cases in the history 
of his own special group in which neglect of this principle has resulted in 
serious mistakes. 

THE VARIATION OF TAXONOMIC CHARACTERS 

Taxonomic characters have been treated by us, to this point, as con- 
stant and absolute. Such an assumption is an unjustified simplification 
of the existing facts, based on the equally erroneous assumption that all 
the individuals of a taxonomic unit are identical. A careful analysis of 
natural populations will show that there is a considerable degree of 
variability, grouped around a mean which is typical for the particular 
taxonomic category. It is obvious that no single individual can represent, 
at the same time, the minimum, the maximum, and the mean of such 
variation, but it is possible to represent this variation fairly accurately, 
if an adequate sample of the population is available. This is the reason 
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that a representative series, a sample of the population, has replaced the 
individual as the working unit of the systematist and this is also the 
reason that the collecting of adequate material is such an important 
part of his activities. 

The study of the variation of taxonomic characters — and, since any 
character may be a taxonomic character, we might Simply say the study 
of variation — has one eminently practical aspect. It informs the taxon- 
omist as to the reliability of his tools, as to the existence or nonexist- 
ence of border lines between the taxonomic units, and other aspects of 
strictly taxonomic work. But beyond that, the study of variation is of 
the greatest scientific importance. It was Darwin who pointed out in 
the most convincing manner that evolution was not thinkable without 
variation and that therefore the study of the facts of variation was an 
integral part of the study of evolution. 

The words ^‘speciation” or ‘^origin of species,’^ which cover a consider- 
able part of the field of evolution (“microevolution”), include two dif- 
ferent aspects of evolution. One part of the process of speciation is the 
establishment of discontinuities, that is, the establishment of isolating 
mechanisms and their perfection to the point where reproductive isola- 
tion is accomplished and the “parent species” breaks up into two or 
more daughter species. This aspect of speciation will be discussed in two 
of the later chapters (Chapters VII and VIII). The other aspect of 
speciation is the establishment of diversity and divergence, that is, the 
origin of new characters and their differential distribution in various 
populations. The workings of this process can best be studied if we 
analyze variation. The study of variation is therefore not only of practi- 
cal importance to the taxonomist, but should also yield significant re- 
sults concerning the factors and processes of evolution. 

Types of Variation 

Numerous attempts have been made to gather, to catalogue, and to 
classify the various phenomena of variation in nature (Philiptschenko 
1927; Robson and Richards 1936; et al.). The taxonomist is keenly in- 
terested in this, since 90 percent of his work consists in the study of 
variation. Among the various possibilities of subdividing the fields of 
variation, one is particularly useful to the taxonomist ; it is the distinc- 
tion between individual variation, that is, variation within a population,* 
and group variation, that is, variation between different populations 
within the species. Geographical variation, that is, variation between 
geographically localized populations, is the most common form of group 
variation encountered by the taxonomist. 
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The population concept, which has been used in these definitions and 
which will play an important part in many of our subsequent discussions, 
is based on the practical experience of the taxonomist, but it is difficult 
to define it adequately. The concept is based on a certain genetic simi- 
larity and on the possibility of interbreeding. It is therefore obvious that 
a population includes males and females, young and adults, workers and 
sexual animals (in social insects). In fact, the term population connotes, 
in general, a geographical coexistence. According to Webster's Collegiate 
Dictionary a population is: ‘^(i) The whole number of people or inhabi- 
tants in a country, section or area. (2) Act or process of populating. 
(3) The body of inhabitants of a given locality. (4) Biol. The organisms, 
collectively, inhabiting an area or region." The population concept 
seems perfectly clear on the basis of these definitions, although normally 
the “population" is more or less an abstraction because there is a con- 
siderable interchange of individuals between neighboring populations, 
owing to the absence or incompleteness of physical barriers. Under ideal 
conditions a population consists of a small group of individuals clearly 
separated from other individuals of the species by a physical barrier. 
Examples of such isolated populations would be those on islands in the 
sea, or in oases of the desert, or on mountain tops, and the like. The term 
population, as used in taxonomic and speciation literature, refers in 
most cases to a “local population," that is, the total sum of conspecific 
individuals of a particular locality comprising a single potential inter- 
breeding unit. 

There exists one difficulty in nature which cannot be eliminated by 
even the most careful definition. In some species different groups of in- 
dividuals coexist in the same localities, more or less effectively separated 
by ecological barriers. Such groups may be seasonal forms, or host or 
habitat specialists. If several of such groups form one reproductive 
continuum, that is, if no reproductive isolation exists between them, 
they are not considered separate populations. Conversely, groups of in- 
dividuals that are, at least to some extent, reproductively isolated must 
be considered separate populations, even though they coexist in the same 
localities. Most of the cases that fall into this latter category have been 
insufficiently analyzed; they will be discussed later (Chapter VIII). 

Individual Variation 

Every individual of a sexually reproducing species is, in general, 
genetically different from any other member of the species, provided 
they are not identical twins. This enormous potential variability is ex- 
pressed in a certain amount of visible morphological variability within 
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the populations of a species. It is only rarely possible to say that this 
or that individual of a population is '‘more typical’^ than some others. 
The characters of a population are determined by the characters of the 
sum total of the individuals of which it is composed. If we want to com- 
pare a form or species with another one, we compare samples (“series’^ 
of the taxonomist), we do not compare individuals; this is one of the 
basic principles of modern systematics. It is therefore the first task of 
the taxonomist to study the variation within the population, the so- 
called individual variation, in order to determine the characteristic at- 
tributes of that population. 

The various kinds of individual variation, which are encountered by 
the taxonomist may be classified as follows: 

Nongenetic {Phenotypical) Variation 
Individual variability in time 

Age variation of the same individual 
Seasonal variation of the same individual 
Seasonal generations 
Habitat forms 

Hereditary {Genotypical) Variation 
Sex differences and alternating genetic generations 
Individual genetic variability 

Nongenetic Variation 

Some of the differences which we encounter between individuals 
of the same population are not due to genetic factors. Such nongenetic 
differences may not be of much significance in the study of the origin of 
species, but they are of considerable importance in practical taxonomic 
work. We must therefore devote some consideration to this type of 
variation. Furthermore, such passing stages in the life cycle of certain 
species sometimes give us valuable clues to the past course of evolution 
in these species. 

Individual Variability in Time 

Age variation . — Few species of animals are born in such advanced con- 
dition that they already resemble their parents. Animals, whether they 
are born more or less developed or whether they hatch from an egg, in 
general go through a series of juvenile or larval stages in which the}^ .are 
more or less dissimilar to the adults. The name lists of any group of 
animals is full of synonyms which are due to the failure of taxonomists 
to recognize the relationship between the various age classes of the same 
species. Fortunately for the taxonomist, there are many families in which 
species cannot be identified by larvae {Drosophila j for example) and in 
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which all descriptions and names are based on adults only. The differ- 
ences between adults and inunatures are generally not very striking in 
terrestrial vertebrates. In many cold-blooded animals, and in particular 
in marine forms, the larval stages may have externally not the faintest 
resemblance to the adult form. One has only to be reminded of the 
floating larvae of some sessile coelenterates, of echinoderms and crus- 
taceans, as compared to the adult stages of these species. In many fishes 
we find similar conditions, and endless numbers of juveniles have been 
described as belonging to different species and genera from the adults. 
Even more difficult of determination are parasitic species in which dif- 
ferent stages occur in different hosts. Such stages are often so unlike 
that it seems hardly conceivable that they have the same germ-plasm 
basis. 

It has not always been easy to unmask these age classes. Only by find- 
ing intermediate stages or by breeding such animals in the laboratory 
has it been possible to piece together the fragments of the life cycle of 
the species. All this makes for practical difficulties, but the taxonomist is 
well on the way toward their solution. 

Seasonal variation . — Every naturalist knows the varying hare, the 
ermine, and the ptarmigan, animals that wear a white dress during the 
winter and a more or less brownish one in the summer. Many birds have 
a bright nuptial dress which they exchange at the end of the breeding 
season for a dull eclipse plumage. The same individuals wear in all these 
Cases different dresses in different seasons. This type of seasonal varia- 
tion is particularly common among vertebrates, with their elaborate 
hormonal apparatus. 

Seasonal generations . — Many species of short-lived invertebrates, 
particularly insects, produce several generations during the various sea- 
sons of one year, and it is not uncommon that the individuals hatched 
in the cool spring are quite different from those coming forth in the sum- 
mer, or that the dry-season individuals are different from the wet- 
season population. In butterflies, particularly, this situation has caused 
considerable confusion and much complication of nomenclature. The 
practical difficulty of deciding what individuals belong to one species is 
increased by the fact that distant populations frequently differ from one 
another in the same characters by which the seasonal variants of one 
locality differ. In such cases only by breeding experiments is it pos- 
sible to decide whether or not such differences are nongenetic modifica- 
tions. There are, fortunately, a number of indications which enable 
the experienced systematist to determine which of the two possibili- 
ties is the right one. Modern authors list such seasonal forms simply 
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as the “spring form'' or the “autumn form” of species A, instead of 
speaking of var. milleri or var. variegata of species A, as is done by some 
of the old-fashioned workers. The use of definite scientific names (with 
possible nomenclatural standing) for different forms of one subspecies 
leads to a number of undesirable complications which can be avoided by 
the use of descriptive terms in the vernacular. 

Even more troublesome are cases in which the second generation of 
one year is not the descendant of the first, but that of a generation of 
the preceding year, as for example, in mayflies. Genetic differences may 
be involved in such cases. When there is a definite time gap between the 
breeding seasons of such generations, it is not unlikely that such a proc- 
ess may play an important role in speciation. 

Habitat Forms (Ecophenotypes) 

That various habitats harbor different even though genetically identi- 
cal forms of the same species is generally known. Corals that grow in a 
quiet lagoon have a rather different form from those that grow in the 
surf. Dali (1898) gives a very good account of the variations he observed 
in a study of the oyster, Ostrea tnrginica. 

The characteristics due to situs may be partially summarized: When a 
specimen grows in still water it tends to assume a more rounded or broader 
form, like a solitary tree compared with its relatives in a crowded grove. 
When it grows in a tideway or strong current the valves become narrow and 
elongated, usually also quite straight. Specimens which have been removed 
from one situs to another will immediately alter their mode of growth, so 
that these facts may be taken as established. When specimens are crowded 
together on a reef, the elongated form is necessitated by the struggle for 
existence, but, instead of the shells being straight they will be irregular, and 
more or less compressed laterally. When the reef is dry at low stages of the 
tide, the lower shell tends to become deeper, probably from the need of re- 
taining more water during the dry period. . . . When an oyster grows in 
clean water on a pebble or shell, which raises it slightly above the bottom 
level, the lower valve is usually deep and more or less sharply radially 
ribbed, acquiring thus a strength which is not needed when the attachment 
is to a perfectly flat surface which acts as a shield on that side of the shell. 
Perhaps for the same reason oysters which lie on a muddy bottom with only 
part of the valves above the surface of the ooze are less commonly ribbed. 
When the oyster grows to a twig, vertical mangrove root, or stem of a gorgo- 
nian, it manifests a tendency to spread laterally near the hinge, to turn in 
such a way as to bring the distal margin of the valves uppermost, and the 
attached valve is usually rather deep, the cavity often extending under and 
beyond the hinge margin; while the same species on a fiattish surface will 
spread out in oval form with little depth and no cavity under the hinge. 

The characters that seem to be of the most value in this group are the 
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form of the beaks and the hinge margin, the sculpture of the inner 
margins of the valves, particularly at the hinge and immediately on 
either side of it, and the form and position of the muscle scar. In fresh 
water snails and mussels such habitat forms are particularly common. 
The upper parts of rivers, with cooler temperatures and a more rapid 
flow of water, have different forms from the lower reaches, with warmer 
and more stagnant waters. In limestone districts the shells are heavy 
and of a different shape from those which grow in waters poor in lime. 
This dependence of certain taxonomic characters on environmental 
factors was, curiously enough, entirely overlooked by some of the earlier 
workers, a fact which resulted in completely absurd systematics. Schnit- 
ter (1922), who largely cleared up the situation, describes these absurdi- 
ties as follows: 

The last step in the splitting of the fresh-water mussels of Europe was done 
by the malacozoologists Bourguignat and Locard. According to the shape 
and the outline of the shell they split up the few well-known species into 
countless new ones. Locard lists from France alone no less than 251 species 
on Anodonta, On the other hand, two mussels were given the same name, if 
they had the same outline of the shell, even though one may have come 
from Spain and the other from Brittany. It seems incredible to us that it 
never occurred to these authors to collect a large series at one locality, to 
examine the specimens, to compare all the individuals and to record the 
intermediates between all these forms. It is equally incomprehensible that 
these people did not see the correlation between environment and shape of 
the shell, even though they spent their entire lives in collecting mussels. 

All these ‘^species’’ of Anodonta are today considered to be habitat 
forms of a single or at most of two species (Adensamer 1937 ; Haas 1940). 
The range of phenotypical plasticity is genetically determined. Even 
within a species there m^y be much difference in this respect between 
various geographic races (Boycott 1938). 

Poikilothermal animals are, as a rule, much more subject to this en- 
vironmental variation than the warm-blooded ones, which carry their 
own self-made and self-regulated environment with them. Many tax- 
I Gnomic characters are the result of physiological processes (growth rates, 
pigment formation) which are very susceptible to temperature influence. 
The great variability of cold-blooded animals, particularly land inverte- 
brates, as compared to birds or mammals, is the immediate result of 
their variable environment and is therefore not surprising. 

The practical effect of this difference is that the taxonomist of poikilo- 
thermal animals encounters much greater difficulties than the orni- 
thologist or the mammalogist. In many species of birds, for example, 
there is less than 8 percent difference between the linear measurements 
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of the largest and the smallest adult of a population, and it makes no - 
visible difference how much or how little food the individual receives 
during its growth period. It seems that a bird, unless he received too 
little food to survive, will eventually reach the genetically fixed “stand- 
ard size'^ of the form to which he belongs. In insects, on the other hand, 
there may be differences of several hundred percent between certain 
measurements of the largest and the smallest individual of a populaition. 

The castes of the social insects should also be mentioned in this con- 
nection. There is no genetic difference between workers and soldiers in 
ants and termites, so far as is known at present. The existing differences j 
of the adults are modifications of the same genetic material through ! 
trophic influences (food differences) during the growth period. 

It may be mentioned parenthetically that the working taxonomist 
must not neglect a type of change, in certain samples, which in its effect 
closely resembles individual variation. The bird which has just completed 
his molt or the butterfly which has just emerged from the chrysalis 
usually has a rather different appearance from worn members of the 
species. The taxonomist always has to keep this in mind, particularly 
since he works with museum material which is frequently not well dated. 
This process of wear may be needed to produce the full nuptial plumage 
of the species. In the starling (Sturnus vulgaris) ^ for example, the freshly 
molted bird of October is covered with white spots and all the feathers 
show whitish or buffy margins. During the winter these edges and mar- 
gins wear off and in the spring, at the beginning of the breeding season, 
the whole bird is a beautiful glossy black. A similar process of wear 
brings out the beauty of the plumage in the males of the linnet, the snow 
bunting, the house sparrow, and many other birds. 

Many colors deteriorate in museum specimens. Extreme cases among 
birds are the twelve-wire bird of paradise (Seleucides ignotus), whose 
plumes are a deep orange yellow in nature, fading to a pale lemon; or the 
Chinese jay {Cissa chinensis), whose plumage is green in life, but which 
turns blue in collections, owing to the loss of the yellow volatile compo- 
nent. To a lesser degree the same is observed in a great many animal 
specimens. A comparison of fresh material with that which has been in 
the collection for a long time has led to many mistakes. In general, such 
changes are of taxonomic importance only in groups in which colors andj 
patterns are used as diagnostic characters. 

Hereditary (Genotypical) Variation 

In all cases of variation mentioned above the same individual is sub- 
ject to a change in appearance. In other words, all of these changes were 
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phenotypic, with no change of genetic characters involved. But the tax- 
onomist must also cope with a genetic variation within the population. 
This in turn can conveniently be subdivided as follows: 

SexeSf generations, and so forth. — These infraspecific categories have 
one feature in common, namely, that they consist of groups of individ-, 
uals which may be identical in their genetic constitution with other 
groups of individuals of the same species, except for the single factor (or 
group of factors) which determines to which sex or generation they be- 
long. The actual differences, as encountered by the taxonomist, are often 
very striking indeed, as, for example, between the male and female in 
birds of paradise, or between the haploid and diploid generations in cer- 
tain hymenoptera and hemiptera. In many cases the different sexes or 
generations were described originally as different species, and the actual 
relationships became apparent only after much painstaking work by 
naturalists. A celebrated case is that of the king parrot {Larius [Eclec- 
tus] roratus), in which the male is green with an orange bill, the female 
red with a black bill. The two sexes were considered different species for 
almost one hundred years (1776-1873), until naturalists proved con- 
clusively that they belonged together. The males of the African ant 
I Dorylus are so unlike other ants that they were not recognized as such 
jand were considered for a long time to belong to a different family. 
H3rmenoptera are particularly rich in such cases of striking difference of 
appearance in the sexes. No layman, on seeing the wingless pygmy 
female and the winged large male of a mutillid wasp would believe that 
they could possibly belong to the same species. In the genus Cynips 
(gall wasps) the agamic generation is so different from the bisexual one 
that it is quite customary to apply different scientific names to the two 
(Kinsey 1930)- 

Individual genetic variability. — A close scrutiny of the individuals of a 
population (excepting identical twins, clones, and similar cases) reveals 
'both to the taxonomist and to the geneticist that no two individuals are 
ever identical, no matter how similar they may appear. The differences 
are in general slight, corresponding, let us say, to the differences between 
the inhabitants of a village. Sometimes rather distinct variants are ob- 
served, which may be very confusing. Every taxonomist will be able to 
recall such cases from the groups in which he specializes. The shape and 
the internal sculpture of the shell mouth has been used extensively as a 
taxonomic character in the snail genus Pagodulina. Klemm (1939) 
found, however, that nearly every one of the shell-mouth types was 
represented in a large number of specimens of one of these species of 
snails collected in the small area of one square meter. The species of the 
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snail genus Melania have been largely described on the basis of shell 
characters, such as the presence or absence of spikes, diagonal and spiral 
ribs. However, spined and spineless specimens occur in the species M. 
scabra, M. rudis^ and M. codata, and sculptured and smooth specimens 
in M, granifera, and so forth. In a recent revision of this genus no less 
than 1 14 ^‘species’^ were found to be nothing but individual variants 
and had to be added to the synonymy of other species (Hiech 1937). 
Every hunter knows of the surprising individual variability of the ant- 
lers in the deer family. In the moose {Alcefi alces) two distinct types of 
antlers are distinguishable, a palmated and a rounded. 

The differences between individuals of a population are, in gcmeral, | 
slight and intergrading. In certain speci(*s, lio\vev(‘r, the mejnbers of a 
population can be grouped into v('ry definite classes, dc'tcTinined by the 
presence or absence of certain characters. Some authors have attempted 
to contrast such polymorphism with ordinary individual variation, but] 
the work of the geneticist has shown that th(Te is no basic difference 
between the two. Polymorphism will be discussed in a subsequent 
chapter. 

But even in the species in v;hich no such striking individual vari- 
ability is found, there are always some differences in regard to size, pro- 
portions, and color shades, if the various individuals of a population are 
compared. In a careful study of the variation of the various parts of the 
body in a species of the mouse Peromyscus, Clark (1941) showed that 
the tail was the most variable part of the body. The various body parts, 
arranged in order of their decreasing percentage of variation, were: tail 
(6.66^0.27), body (4.52^0.21), femur (4.08^0.12), foot (3.06 rt 
0.06), mandible (2.67 ±0.09), skull length (2.44 ±o.to), and skull width 
(2.31 ±0.09). 

The important practical lesson is that confusing situations can be 
disentangled only by the study of a large series of specimens. The larger 
the series available from a certain locality, the greater is the chance 
that it includes all of the major variants and the extremes of size and 
coloration. 

THE IMPORTANCE OF INDIVIDUAL VARIATION 

We have thus seen that all the individuals of which each population 
is composed are by no means identical in their physical characters. A 
study of individual variation is therefore of great practical importance 
to the working taxonomist. It will enable him to determine which j 
characters of an animal may safely be used in taxonomic studies and 1 
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which are too variable to be used for this purpose. But beyond this 
purely practical interest, the study of individual variation is of consider- 
able significance in the study of evolution. 

It has become increasingly clear in recent years that all or nearly all 
geographic variation, or any differences between infraspecific categories 
are compounded from individual variants. Taxonomic work, unfortu- 
nately, tends to obscure this fact, since most taxonomists unconsciously 
minimize the bridge which individual variation builds between geo- 
graphical races. Miller's Junco monograph (1941) is a notable exception. 

Other, earlier authors had come to the conclusion that individual 
variation had, in most cases, very little to do with the variation processes 
that lead to species differences. In support of this argument, Rensch 
(1933:48) tabulates the percentage frequency of various variants in 
the garden snail, Cepaea hortensis. His figures demonstrate that neigh- 
boring populations often have rather different compositions, while the 
populations of widely separated localities are sometimes remarkably 
, similar. Furthermore, the same color variants are found in the related 
species C. nemoralis and in other species of the genus, while the actual 
differences between these species concern characters which are not sub- 
ject to much individual variation. Similar observations have been made 
in beetles, bumblebees and many other animals which are subject to 
much individual variation. 

' Rensch overlooked the fact that he was dealing with a very special 
case. The variation in color patterns, such as bands in snails and spot 
patterns in lady beetles are, by themselves, obviously of very insignifi- 
cant selective value. Furthermore, Cepaea hortensis is a very common 
and widespread species, with almost unlimited possibilities for the rapid 
spread of genetic characters in neighboring populations. There is 
the further very important possibility that some of the small colonies 
which were examined had been established by single fertilized snails and 
that the similarity of the individuals was due to their close blood re- 
lationship. 

We might say, in conclusion, that the differences between geographic 
races are frequently foreshadowed in the individual variation within 
these races, but that not all individual variation will be compounded 
into racial differences. 
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PHENOMENA OF GEOGRAPHIC VARIATION 


Single individuals are, at least in sexually reproducing species, rarely 
the immediate ancestors of completely new species. Speciation is, in 
general, not such a cataclysmic process. It is now becoming more certain 
with every new investigation that species descend from groups of in- 
dividuals which become separated from the other members of the spe- 
cies, through physical or biological barriers, and diverge during this 
period of isolation. The concept of the isolated population as incipient 
species is of the greatest importance for the problem of speciation. It is 
for this reason that the study of group variation (Philiptschenko 1927) 
deserves detailed analysis. The variation between different local popula- 
tions of one species, the socalled geographic variation, is the form of 
group variation which is most commonly studied by the taxonomist. 
The study of group variation complements the study of individual varia- 
tion, because only by comparing different populations can we deter- 
mine how and to what extent the differences between individuals are! 
molded into the differences which exist between races and species. 

DIFFERENCES BETWEEN LOCAL POPULATIONS 

Every single locality on the earth, even the smallest geographic dis- 
trict, is somewhat different from other neighboring ones in the nature 
of its environmen|i. The soils differ, as do vegetation, microclimate,’ 
topography, and other features. Add to this biological factors, such as 
the absence or the greater frequency of enemies, parasites, or competi- 
tors, and we have a formidable array of selective agencies which will 
shape each population of a species to fit into the particular geographical 
and ecological niche in which it has been placed. It is therefore only 
natural that the inquiring taxonomist finds differences between samples 
of local populations from the different parts of the distributional range 
of a species. 

Recent studies indicate that actually no two populations are identi- 
cal, provided a minute analysis is undertaken. Dice (1940b) summarizes 
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his experiences as follows: Peromyscus . . . each more or less iso- 

lated intrabreeding local population actually constitutes a local race, 
for Sumner and myself have shown that no two local populations of 
Peromyscus ever have exactly the same characters,'' this being true at 
least for size, proportions, and coloration, the same phenomenon has 



Fig. I. Map of a section of the range of the snail Achatinella rnustdina on 
Oahu, Hawaiian Islands. Dotted areas with numbers indicate the more or less 
isolated populations of this species. (From Welch 1938.) 

been found in nearly all species of animals when large enough series from 
various localities were measured and compared. The most extensive 
studies of this sort have been carried out on snails, since they are both 
highly sedentary and locally abundant. Alkins (1928) collected a series 
of one hundred or more specimens of the two sibling species ^Clausilia 
rugosa and cravenensis at each of nineteen stations within an area seven 
miles in diameter. In Cl. rugosa^ when a comparison was made between 
shells of different stations, a statistically significant difference was found 
in regard to the altitude of the shells in 36 percent of the cases and in 
regard to the major diameter in 53 percent of the cases. The respective 
figures for Cl. cravenensis were 72 percent and 67 percent. Very exten- 
sive figures for the variation of color patterns exist for the common 
European garden snails, Cepaea horiensis and C. nemoralis (Rensch 
1933). These studies prove likewise that adjacent populations (colonies) 
may show considerable differences in their genetic make-up. The exact 
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plotting of the different populations was possible in the case of the 
Hawaiian snail Achatinella mustelina (Welch 1938), which occurs in 
more than one hundred races on the Waianae Mountains of Oahu. The 
attached map (Fig. i) indicates how small the ranges of some of the 
morphologically well-characterized races are. A comparison of 204 lady 
beetles of the species Adonia variegata from Styria, with 504 individuals 
of the same species from Hungary, deserves attention for the careful 
statistical analysis of the, eleven points in which the two populations 
differ (Strouhal 1939). This local variability is not restricted to land 
animals, but is found in marine organisms as well. A biometric analysis 
of one Norwegian, two British, and eight Now England populations has 
proved this for the marine snail Littorina ohtusa (Colman 1932). 

There are species that show very little visible morphological varia- 
tion, and some authors have therefore come to the conclusion that the 
various populations of such species are identical. This may be true as 
far as taxonoinically useful characters are concerned. On the other hand,) 
whenever a genetical analysis of such similar populations has been under-^ 
taken, it has been proved invariably that such populations differ in their| 
genetic characters. The most convincing study of this kind is probably; 
Dobzhansky’s analysis of the Californian Drosophila pseudoohsciira popu- 
lations (Dobzhansky 1941b; Dobzhansky and Wright 1941). Physiolo- 
gists likewise found considerable differences in regard to physiological 
characters in many species when they compared geographically sepa- 
rated, but morphologically indistinguishable populations. All these find- 
ings confirm our contention that in most species of animals and probably 
of plants every local population differs genetically to a lesser or greater 
degree from every other population of the species. It is therefore self- 
evident that the systematist is confronted by phenomena of geographic 
variation in every careful taxonomic study in which material of one 
species is available from several localities. The study of geographical 
variation occupies, therefore, an ever-increasing share of the attention 
of the taxonomist of the better-known groups, such as birds, butterflies, 
mammals, snails, and others. The average taxonomist does not have 
sufficient time to carry out painstaking studies, such as the ones just 
quoted, since his collection cases are filled with un described genera and 
species. 

The study of geographic variability leads not only to purely practical 
questions, such as how to group local populations into systematic cate- 
gories (subspecies) and how to dedirnit these with regard to each other, 
but it also produces much relevant material on the subject of specia- 
tion. We should not forget that a study of geographic variation gave 
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both Wallace and Darwin some of their most Valuable inspiration con- 
cerning the course of evolution. An analysis of this subject therefore 
seems timely. 

There are various ways of examining geographical variation of tax- 
onomic characters. We might ask, for example, what attributes of an 
animal are subject to geographic variation, and how geographic varia- 
tion originates and what is its genetic basis. We shall try to answer these 
questions in the present chapter. But there are additional aspects and 
manifestations of geographic variation, which lead to questions such as 
how taxonomic characters are influenced by various environmental 
factors, whether there is evidence for non-adaptive variation, and how 
geographic variation is influenced by the population structure. These 
questions will occupy us in the next chapter. There is naturally some 
overlapping between the two chapters, since there are many taxonomic 
situations which permit a number of different approaches. Still, an at- 
tempt has been made in the following chapters to present a well-organ- 
ized discussion of the phenomena of geographic variation. 

WHAT CHARACTERS ARE SUBJECT TO GEOGRAPHIC 
VARIATION? 

The taxonomic characters are different in ev^ry group of animals. 
Color patterns and degrees of pigmentation are very important in birds 
and butterflies, as are the presence, form, and length of spines on the 
legs in certain crustaceans, certain features of the internal anatomy in 
worms, and the length of the tail and the structure of the teeth in mam- 
mals, to mention just a few of an unlimited variety of characters. Let us 
examine them and see whether they are subject to geographic variation 
and if so to what extent. 

Morphological Characters 

Size , — Absolute size is an important taxonomic character only if it 
, is not subject to too much individual variation. It is therefore of more 
f value in homoiothermal animals, such as mammals or birds, than in 
; poikilothermal animals, whose size tends to be much influenced by the 
environment. The amplitude (range) of variation of the wings of birds, 
for example, rarely varies in adult males or females by more than lo 
percent of the mean length. This wing length is determined rather accu- 
rately by measuring to the tip of the longest wing feather after the com- 
pletion of the growth period, a measurement which is, in birds, a much 
more reliable unit of comparison than weight or total body length. 
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If we compare the wing length of diifferent populations of one species, 
we find, in general, that the means of no two populations are identical. 
Sometimes such differences are quite conspicuous. Measurements were 
made of the wing length of twenty-three populations of the subspecies 
triton of the cockatoo Cacatua galeritay which occurs throughout New 
Guinea and the neighboring islands (Mayr 1938a) (Fig. 2). No two 



Fig. 2. Irregular variation within the range of one subspecies {Cacatua 
galerita triton). The smallest and the largest of 23 populations are very differ- 
ent, but the gap is bridged by intermediate populations. (From Mayr 1940a.) 


populations had exactly the same mean, and the largest bird of the 
smallest-sized population was considerably smaller than the smallest bird 
of the largest-sized population. Equally pronounced size variations have 
been found in the honey eater Foulehaio caruncxdata (Mayr 1932a, 
1940a), in the starling Aplonis gigas (Mayr 1931c), in the parrot Psit~ 
trichas fulgidus (Mayr 1938a), in the frogmouth Podargus (Mayr 1937), 
and in many other birds. The variation is geographically irregular in all 
of these cases, and there is so much overlap between the larger and the 
smaller populations that it would be unwise for the taxonomist to sepa- 
rate them subspecifically. It would be impossible to decide what names to 
apply to all the populations with intermediate-sized birds. 1 his ‘^checker- 
board^’ type of variation is particularly common in tropical archipelagos 
or among desert animals where soils of different colors are distributed in 
an irregular manner (Hall and Hoffmeister 1942). Where environmental 
gradients are present, they tend to sort out these variants in an orderly 
way, with the result that in subtropical and temperate zones the size 
variants are usually arranged in the form of dines (see below, p. 94). 
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Of particular interest are the cases in which a small and well-isolated 
population deviates considerably in size from the rest of the species. 
This happens particularly on islands or on mountains. It was formerly 
believed that insular forms were invariably smaller than mainland forms, 
but this is by no means true. The only generalization we can make is 
that island forms are often different in size from the other populations 
of the species. Of the. fifty-seven species of land birds which occur on 
Biak Island and are also represented on th(i mainland of New Guinea, 
the Biak race has smaller measurements than the New Guinea race in 
twenty-six species, larger measurements in only four species. In twenty- 
seven species there is no size difference (mostly widespread species) or 
else the material is insufficient to justify conclusions (Mayr and de 
Schauensee 1939). Several widespread species of birds have developed 
races of very small size on isolated Rennell Island, for example, Phala- 
crocorax melanoleuca brevicauda (tail 1 24-143 mm., against 150-165 in 
the nominate race), Threskiornis moluccus pygmaeus (culmen 132, against 
170-196 in moluccus)^ and several others with less pronounced size differ- 
ences, None of the Rennell Island species shows larger measurements 
than the corresponding species on the Solomon Islands, which in this 
case take the place of the nearest continent (Mayr 1931b). Birds on 
arctic islands and archipelagos are, if there is any difference of size, 
nearly always larger than their relatives on the neighboring mainlands. 
This is true, for example, in Greenland, Spitsbergen, Commander, and 
Bering Islands. Increase of size is sometimes also found in nonarctic 
insular populations. I have already mentioned the four species of Biak 
Island, but there are many other cases. Of the eight species of land 
birds on the Juan Fernandez Islands, at least two are distinctly larger 
than their closest relatives on the neighboring coast of Chile {Spizi- 
tornis fernandezianus as compared with S. parvulus, and Thaumastes 
fernandensis, as compared with Th. gahritus). 

Equally pronounced or even more striking differences are found be- 
tween representative populations on tropical mountain ranges, shown 
in Table i, which gives the size variation of New Guinea honey eaters. 
The big Melipotes ater of the Huon Peninsula is about twice as heavy 
as the small Melipotes gymnops from the Arfak Mountains. Some of 
this variation seems to be entirely fortuitous, being caused by the pos- 
sibility of rapid evolutionary changes in small isolated populations. In 
some cases, however, selective influences must have been active, as is 
indicated by the fact that we find an identical trend in many species of 
a particular island. This will be discussed in the next chapter. 
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Some of the above-quoted examples illustrate well the fact that the 
size differences between large and small-sized races of the same species 
can be considerable. The larger races of a species are often two or three 
times as heavy as the smaller ones. Unfortunately, the exact weight is 
rarely known in birds, but the wing measurements give some clue to the 
possible degree of difference. The extent to which a large and a small 
race of one species may differ is illustrated by the following additional 
wing measurements (in millimeters) : 

Bubo virginianus (Great Horned Owl) 
mayensis (Yucatan), 9 315 
wapacuthu (Arctic North America), 9 385“39o 
Lampribis olivacea (Glossy Ibis) 
bocagei (San Thom 6), 247.8 
olivacea (West Africa), 330 
akeleyorum (East Africa), 360 

Even more striking size differences have been reported between geo- 
graphic races of mammals. 

Proportions , — Not only is absolute size subject to geographical varia- 
tion, but also the proportions of the various organs and body structures. 
Prominent parts, such as the tail, the ears, the feet, and so forth, may be 
proportionately longer in some races than in others. These differences 
are frequently quite striking and are used by the taxonomist to dis- 
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tinguish related forms. For example, the tail of the bird of paradise, 
Paradigalla carunculata, from the Arfak Mountains is 89-92 percent of 
the wing length (in adult males), while it is only 32-34 percent of the 
wing length in the geographic representative Paradigalla brevicauda from 
the mountains of central New Guinea (Fig. 3). 

One might expect that such body appendages would be subject to 
allometric growth and this is true to a limited extent. Mayr and Ripley 



Fig. 3. Geographic variation in the structure of the tail of the 
bird of paradise Paradigalla carunculata. & = P. c. carunculata 
(elongated tail); b = P. c. brevicauda (square tail). (From Strese- 
mann, J. Omitb, 1925:152.) 

(1941) found that in the superspecies Lalage aurea the tail is relatively 
shortest (68 percent) in the smallest species (sharpei), and longest (86 
percent) in the largest form {leucomela). In general, the species maculosa 
has a short tail (69-73 percent), the aurea-alrovirens group a medium- 
sized tail (76-82 percent), and the species leucomela a long tail (80-86 
percent), although there are forms of comparable wing length in each 
group. Thus special size factors modify basic allometric tendencies. Clark 
(1941), in a careful statistical study of a number of species and sub- 
species of Peromyscus, likewise found that the proportions of various 
selected body parts cannot be attributed primarily to general size factors 
and to allometric growth. Differences in the length of the tail, body, foot, 
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femur, mandible, skull, and the width of the skull are due primarily to 
special size factors. Birds with very long tails are particularly favorable 
material for such studies. The racket-tailed kingfishers of the genus 
Tarty siptera have tails that are two to three times as long as their wings. 
Five forms of the superspecies T. galatea have the following mean values 
for wing length: 102.7 {riedeli), 108.7 (galatea)^ 109.4 (carolinae)^ 109.7 
(rosseliana), 114.0 (vulcani); the corresponding mean values for tail- 
length are: 181.4 (carolinae), 188.3 {riedeli), 238.4 {rosseliana) y 278.5 
{vulcani)y 280.9 {galatea). The sequence of the relative tail length (in 
terms of wing length) is thus: caroUnae (length of tail equals 165.8 per- 
cent of wing-length), riedeli (183.4 percent), rosseliana (217.3 percent), 
vulcani (244.3 percent), and galatea (258.4 percent) (Mayr, unpublished). 
Similar computations on several other long-tailed species have been 
made by the writer and all conform to this principle. Linsdale (1928) 
showed that the geographical races of the Fox Sparrow {Passerella 
iliaca) differ in the proportions of the individual bones of the skeleton. 
Kattinger (1929) showed the same for a number of species of hawks 
and Rensch (1940) for tropical as compared to temperate zone sub- 
species. The differences between extreme subspecies of one species are fre- 
quently of the same magnitude as the differences between allied species. 
Nearly every species of snails that has been studied biometrically has 
shown geographical variation in the proportions of its shell. Allometric 
growth is frequently involved, since the height of the shell tends to in- 
crease more rapidly than the width (Crampton 1916, 1932; Fuchs and 
KSufel 1936). 

The relative length of prominent body parts (as bill, ear, tail, and so 
forth) is subject to considerable environmental molding and will there- 
fore have to be considered again in connection with a discussion of 
adaptation (Alienas rule, p. 90). 

Epidermal and chitinous structures. — Almost any epidermal structure 
of an animal may be subject to geographic variation. In birds, this in- 
cludes not only the shape of individual feathers, especially the orna- 
mental plumes of hununingbirds and birds of paradise, but also wat- 
tles, crests, the casque on top of the hornbiirs beak, and all the skin 
structures that are secondary sex characters of the male. In mammals, 
the horns and antlers of the Ungulates are geographically variable. This 
has been studied in African antelopes, in the reindeer {Rangifer), and 
in the deer, group (Cervus), In reptiles the number of scales is subject to 
strong geographic variation (Mell, Klauber, and others), although some 
of this variation seems to be phenotypical. 

Beetles are particularly satisfactory material for the study of the geo- 
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graphic variation in sclerotized structures, such as the sculpture of the 
elytra and the size and shape of special hornlike processes, and so forth. 
A number of valuable contributions have been published lately, of 
which I shall mention Endrodi's monograph of the beetle genus Oryctes 
(1938) and various monographic papers on the genus Carahus, In crus- 
taceans the.number, shape, and size of taxonomically important spines 
seem to vary geographically, but the analysis of most of these cases is 
still incomplete. 

Patterns of coloration. — These play an important role in bird and 
butterfly classification, as well as in that of many other groups of ani- 
mals. It is sometimes remarkable how many different pieces seem to 
combine to form the pattern of coloration and how these elements seem 
to vary independently from one another. Dobzhansky (i94ia:7i) has 
reproduced a tabulation of characters of the Melano-Polynesian races 
of the bird Pachycephala pectoralis (from Mayras data). A similar though 
less striking case is presented by the Lalage aurea group (Mayr and 
Ripley 1941). In some butterflies many of the colors of the spectrum 
seem to be utilized to provide an almost endless array of differences 
between races (Seitz i9o6ff; Eller 1936). 

General pigmentation. — Such clear-cut pattern differences between 
geographic races are the exception, rather than the rule. The color dif- 



Fio. 4. High degree of subspeciation in the whistler Myiolestes megarhynchoa 
on New Guinea and surrounding islands. Dotted lines indicate presumably 
continuous ranges. Each of the 25 numbers refers to a distinct subspecies. 


ference is usually one of tone or of degree. The description in such cases 
does not read: head white or gray or black, but rather, head darker 
olive or more grayish olive or more yellowish olive. The student of geo- 
graphic variation is generally confronted with this type of difference. 
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For example, in one of the plainest-looking New Guinea birds, Myich 
lestes megarhynchus (Fig. 4), no less than twenty-five races have been 
described from the mainland of New Guinea and the neighboring is- 
lands. The entire range of differences, which is rather slight, is best ex- 
pressed by the diagram: 


rufous 

\ 


ochre 


gray 

/ 


I 

olive 


The basic type is a dull ochre, which turns more rufous in some races 
and more grayish or more olive- in others. The bill is either pale horn- 
colored or black, and there is a slight difference in size, but otherwise 
all the races are alike. 

These races are not arranged in any particular pattern; they are not 
darker in the south and paler in the north, or vice versa. There are oc- 
casional specimens which cannot be identified if isolated from the rest 
of the material, but if an entire series from one locality can be examined, 
there is never any doubt as to which subspecies it belongs. Geographic 
variation of coloration is often of this Myiolesies type. 

Genital armatures. — In the taxonomy of certain groups of insects and 1 
other arthropods, the study of the genital armatures plays an important ; 
part. It has been found that the sclerotized parts of the male copulatory i 
organ and of its accessory structures, and of the female sex aperture, 
often show specific differences, A study of the genital armatures is fre- 
quently the simplest and sometimes the only way of identifying species, | 
particularly in certain genera in which many similar and variable spe-j 
cies exist. I am not concerned here with the question of the possible im- 
portance of the differences in such structures for speciation. Exaggerated 
claims in this respect have been rejected by Dobzhansky (1941a) and 
Goldschmidt (1940:123-126). What concerns us here is simply the 
practical value of these structures to the taxonomist. An examination of 
the vast entomological literature on the subject reveals that the tax- 
onomic value of these structures differs considerably in the different 
families and genera. In some genera there is great uniformity of the 
structures within each subspecies, but each species and subspecies can, 
with certainty, be identified on the basis of the genitalia. In other 
faimilies not even the genera show any differences in regard to this 
character. This fact should not be overlooked by the entomologist. 
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Rensch (1934), with good reason, objected to the procedure of one 
author, who refused to separate two species, which were clearly defined 
in every other respect, simply because he could not find any differences 
in their genital armatures. Of course even the practical value of these 
features should not be overrated. They are not always as constant as 
has been claimed in the past. Kerkis (1931), in a study of the genitalia 
of the bug Eurygaster integriceps, found them to be no less variable than 
the external characteristics of this species. Summarizing this evidence 
one might say: The genitalia (sexual armatures) of insects and other 



Fio. 5. Geographic variation of the anatomy of the genital tract in 
the Mediterranean snail Xerocraasa cretica. a = adusta: b = seeizeni. 
There are characteristic differences in the length of penis and vagina, 
in the shape of the seminal vesicle, and the structure of the accessory 
glands. (From Fuchs and K&ufel 1936.) 


arthropods often show specific characters with comparatively little in- 
dividual and considerable geographic variation. They are therefore use- 
ful in taxonomic work, although their importance is frequently no 
greater and sometimes less than that of other structural characters, 
i Internal structures. — Internal structures have rarely been examined 
with sufficient thoroughness to reveal proof of geographical variation. 
The best evidence exists in the human anatomical literature in regard to 
differences in muscle formation, skin structures, and the like between 
Europeans, Negroes, and Japanese. Zoological evidence is scanty. Fuchs 
and Kaufel (1936) showed that there is a considerable degree of geo- 
graphical variation in the genital tract of the Mediterranean snail Xercr 
crassa arctica (Fig. 5). Further studies will probably show that this 
applies to other widespread species as well. The pituitary of two races 
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of the domestic pigeon is quite different (Rost 1939), and it is to be ex- 
pected that comparable differences will be found between geographic 
races, as was already done for the th3rroid of various Peromyscus sub- 
species (Yocum and Huestis 1928). 

If Cytological striLctures . — In some cases where no subspecific characters 

could be found in either the external or the internal structures, striking 
differences were found in the chromosomes. There are several good re- 
cent accounts on Drosophila to which I have nothing to add (Muller 
1940; Dobzhansky 1941a; Patterson 1942). Similar chromosomal differ- 
ences between subspecies have been found in other animals, particularly 
in other insects and in worms. The European race of the turbellarian 
worm Mesostoma ehrenbergii differs from the American race (wardii) by 
its larger size, position of the penis, character of the ductus ejaculatoi ius, 
and musculature of the bursa copulatrix. Ten chromosomes are found in 
ehrenbergii and eight in wardii. At metaphase, in the primary spermato- 
cytes of both animals the maximum number of bivalents is three. At 
least two univalents in wardii and four in ehrenbergii are always found 
at this stage. There are apparently additional subspecies of this species 
in northern Europe, in Asia, and in South America (Husted and Rue- 
bush 1940). Geographic variation of chromosome number is also known 
in other turbellarian species. 

Physiological Characters 

Recent work has proven abundantly that physiological thresholds and 
the capacity to react tjo external stimuli are as much determined by 
genetic factors as are structural characters. It is therefore to be expected 
that species and subspecies should differ in physiological characters, in 
addition to the morphological ones. The technique of the taxonomist, 
who generally works with dead material, is, as a whole, not suited for 
the detecting of such characters, but both the naturalist and the experi- 
mental laboratory worker have gathered some relevant material. Small 
physiological differences between populations, subspecies, and species 
are often more important biologically than the accompanying structuial 
differences. The latter may have adaptive value, but more often they 
appear to be mere by-products of evolution. Those cases in which 
morphologically identical populations show well-defined physiological 
differences are particularly interesting. 

Temperature tolerance and preference . — One of the physiological char- 
acters of an animal that is most easily studied in the laboratory is its 
reaction to temperature. We have perhaps more data on geographic 
variation of physiological characteristics referring to temperature than 
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for any other factor. Timofeeff-Ressovsky (1935) studied the relative 
viability of Drosophila funebris flies from twenty-four different popula- 
tions of the western Palearctic at three different temperatures (15®, 22®, 
and 29® C.). It was found that the flies belong to three different temper- 
ature races: a northwestern race, which is resistant only to low tempera- 
tures; a southwestern race, which is resistant only to high temperatures; 
and an eastern race, which shows marked resistance to both high and 
I low temperatures. An obvious correlation exists in this case with the 
I climatic requirements of the respective regions. Banta and Wood (1927) 
showed that in Daphnia certain mutational changes may produce a con- 
siderable difference in temperature tolerance. Herter (1941) invented an 
experimental set-up in which an animal can choose an environment with 
an optimum temperature (V.T.). The V.T. of each species is closely cor- 
related with its habits and habitat. Among the Palearctic reptiles, for 
example, he found that Anguis fragiliSj which lives in shady forests in 
northern Germany, is at one end of the scale (V.T. = 4-28.38 db 0.29® C.), 
and that some of the rock-dwelling reptiles of desert countries are at the 
other end, for example, Agama stellio from Egypt, with a V.T. of 
+45.59 =1= 0.33® C. In the lizards Lacerta vivipara amd L. sicula there 
was a definite difference between the V.T. of lowland and high-altitude 
populations. Krumbiegel (1932) examined a number of European popu- 
lations of the beetle Carabus nemoralis with the same technique. The 
V.T. was 26.1 it 0.30 at Dresden (central Germany), 27.1® rt 0.76 in 
the Rhon Mountains (western Germany), 27.9 it 0.39 at Munster 
(northwestern Germany), 29.3® it 0.74 at Coblenz (western Germany), 
29.4® db 0.46 at Paris (central France), and 29.7® it 0.37 at Oiargues 
(southern France). The temperature preference is roughly parallel to 
the climates of the above-mentioned localities. Temperature races are 
also found in marine animals. Runnstrom (1930) found three different 
temperature races in Ciona intesiinalisy an Arctic, an Atlantic, and a 
Mediterranean one. J. Moore has worked on the comparative physiology 
of the temperature requirements of various species and races of North 
American frogs. Little difference was found between the adults of vari- 
ous species, which can tolerate temperature ranges of nearly 40®, but the 
eggs and early embryological stages showed clear-cut climatic adapta- 
tions. The more northerly species are more resistant to low tempera- 
tures and develop more rapidly at low temperatures (Moore 1939). Rana 
pipiens populations from Quebec, Vermont, Pennsylvania, and Wiscon- 
sin have approximately the same rate of development and temperature 
tolerance. Those from southern Florida, however, differ markedly. The 
rate of development is slower at low temperatures, the eggs are much 
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smaller and can tolerate a higher temperature, but are less resistant to 
lower temperatures (Moore, unpublished). 

Physiology of sex afid reproductian. — Recent investigations have re- 
vealed that certain physiological factors which pertain to sex and re- 
production are particularly subject to geographic variation. In various 
species of frogs geographic races occur in which some of the males may I 
be hermaphroditic or even show a predominance of female characters. ! 
Witschi (1930) has summarized the evidence, as far as the European' 
grass frog (Rana temporaria) is concerned. Races occur in the Alps and 
along the Baltic in which the males obtain their male characters at an 
early embryological stage (differentiated races). In other localities popu- 
lations occur which, at the time of metamorphosis, consist of females 
only (or females and a few hermaphrodites), and in which the genetic 
males acquire their male characters (via a hermaphroditic condition) 
during or after the first year of life (so-called undifferentiated races). A 
third group of races shows an intermediate condition, that is, the chang- 
ing over of the genetic males into phenotypical males occurs earlier, 
starting even before metamorphosis. Witschi concludes that the present 
distribution of the three sex-races is a result of the colonization of cen- 
tral Europe after the end of the glaciation. It is unknown whether or not 
these differences in the time of sex differentiation have any selective 
value. Similar sex races have been reported for other European amphibi- 
ans, for example Rana esculenta and Bufo bufo, as well as for the Amer- 
ican spotted salamander {Amhystoma maculatum). J. A. Moore tells me 
(unpublished work) that in adult males of Rana pipiens in the cooler 
parts of the range (New England, Canada, and parts of the Rocky 
Mountains) the oviduct persists, whereas it is absent in the more south- 
ern part of the range. The males without the oviduct also have a larger 
vocal sac, a secondary sex character in this species. E. R. Dunn (1940) 
found that the seven geographic races of Amby stoma tigrinum differ not 
only in morphological characters, but also in physiological traits. Ne- 
oteny occurs only in some races, and eggs are laid singly in some races 
and in masses in others. 

In the well-known European turbellarian worm Planaria alpina, A. 
Thienemann (1938) found that there are two very distinct subspecies, 
the typical alpine race and a northern race (septentrionalis) found in 
northern Germany and in Scandinavia. The alpine subspecies (alpina) 
has normal sexual reproduction, while septentrionalis reproduces en- 
tirely by asexual division. This difference has a strictly genetic basis, 
and specimens of alpina retained their sexual type of reproduction even 
after transplantation into northern brooks. 
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A rather different situation exists in regard to the sex races of the 
gypsy moth Lymantria dispar, a case which was exhaustively analyzed 
by Goldschmidt (1934). These sex races are characterized by different 
valences of their sex determiners, so that crosses between different sex 
races upset the sex-determining mechanism. If, for example, a *Veak'' 
female is mated with a “strong^' male, she will produce only sons due to 
to sex reversal of the daughters; a ‘‘half-weak’^ female will produce inter- 
sexual daughters. These sex-races are distributed in a strictly geographic 
pattern. Most European races are weak, most races from continental 
Asia are half-weak, while on the main island of Japan (Hondo) strong 
races occur. The Tsugaru Strait of northern Japan separates the strong- 
est of all the races (northern Hondo) from the weakest of all the races 
(Hokkaido). The evolutionary significance of this situation is at once 
evident. If the islands of Hondo and Hokkaido should become connected 
by some geological event, or if one of the two races should venture to 
colonize the other island, it would result in a hybrid population of much 
reduced viability. Geographic variation seems also to affect the sex 
ratio in some species of insects and crustaceans (Vandel 1934). 

Physiology of Plumage and Plumage Change in Birds 

The plumage of birds is an accurate indicator of small differences of 
genetic background and physiological potentialities. The study of birds 
is therefore a particularly fertile field for the student of geographic 
variation. 

Sexual dimorphism, — One of the important physiological character- 
istics of birds is that in some species male and female are colored alike, 
as for example in the familiar catbird {Dumetella carolinensis) of our 
gardens, while there is a decided sexual dimorphism in many other 
species (birds of paradise, pheasants, hummingbirds, and so forth). The 
degree of difference between the sexes is variable, sometimes being slight, 
sometimes very pronounced. What interests us in this connection is that 
the degree of this dimorphism varies geographically in some species. 

In the widespread small whistler Pachycephala pecioralis the males 
are handsomely colored in a bright yellow, black, white, and olive color 
pattern, while the females are generally of a dull yellowish ocher-olive. 
On Rennell Island a race (Jeminina) occurs, in which the male has lost 
his ornamental plumage and is indistinguishable from the female. In- 
dependently, the same process has been repeated on Norfolk Island 
(xanthoprocta). 

Conditions are even more interesting in the species Petroica multi- 
color. This Australian species has colonized many of the South Sea Is- 



GEOGRAPHIC VARIATION I 


49 


lands, where it occurs in thirteen races (Mayr 1934). Normal sexual 
dimorphism characterizes the Australian parent race and eight races 
of the South Seas. In two places, however, the males have lost their 
bright plumage and wear a feminine one, while on San Cristobal in the 
Solomon Islands and in Samoa the females have become masculine and 



Fig. 6. Geographic variation of sexual dimorphism in an Australonesian fly- 
catcher (Petroica multicolor). 


wear a plumage which resembles that of the male (Fig. 6). The occur- 
rence of similar conditions in various species of birds has been reported 
by other authors (Hartert 1903-1938; Bateson 1913; Murphy 1938). 

Six or seven additional cases of geographical variation of sexual 
dimorphism in birds could be added, but they all follow the pattern 
described above for Pachycephala and Petroica. It is important to em- 
phasize the fact that loss of sexual dimorphism through feminization of 
the male plumage seems to develop only in well-isolated and rather small 
populations. The genetic ‘^drift’^ may overcome, under such conditions, 
the effect of sexual selection. It might also be mentioned that such a 
breakdown of the male nuptial plumage seems to occur only in localities 
where no other similar soecies exist, i.e., where a highly specific male 
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plumage is not needed as a biological isolating mechanism between two 
similar species. There is no doubt in all these cases that the males lost 
their bright plumage secondarily. 

Geographic variation of sexual dimorphism has also been described 
in insects and has been analyzed in detail in a species of scorpions 
(Meise 1932). 

I Heterogynism is a term in the ornithological literature (Hellma)^ 
1929) for situations in which the female of a species shows stronger geo- 
graphic variation than the male. It occurs most often in species in which 
the male is black or otherwise very intensely colored, whereas the female 
is brownish or grayish. The obvious explanation for this phenomenon is 
that the male has reached an intensity of pigmentation which is far 
above the threshold at which pigment formation is influenced, while the 
females in their less intense coloration are in a sensitive zone. In Hell- 
mayr^s original paper many cases of such heterogynism are quoted; Zim- 
mer (193 iff.) added several more in the same genera. In Pachycephala 
pedoralia the Solomon Island races hougainvillei^ orioloideSy and cin- 
namomea are indistinguishable in the male sex, while the females are 
very different (Mayr 1932c). In bougainvillei the females are grayish- 
olive, in orioloides they are bright orange yellow with a more or less 
strongly developed rufous wash, and in cinnamomea they are pale gray 
with a rufous wash (Fig. 7). Cases of heterogynism are rather rare, since 
in most birds geographic variation is equally pronounced in both sexes 
or more conspicuous in the male sex. 

Occasionally we find that there is no difference in the adult plumages, 
but that the immatures vary geographically. The same is found for 
other animals. De Beer (1940a) quotes a number of cases in which larval 
stages show more differences than the adults. However, in most of his 
cases the differences are between good species. 

Geographic variation of plumage changes. — Birds do not gradually 
change individual feathers after they have become old and worn, but 
rather change large parts of the plumage during a short molting period. 
All the members of the same species, with few exceptions, go through 
the same molts at a\)Out the same seasons. In fact, the general principles 
of these molts are often the same for entire genera and families. Excep- 
tions to this rule, so far as they are subject to geographic variation, are 
of much interest, as a few examples will show. The adult birds of all the 
species of the tropical family Campophagidae have a single annual molt, 
with the one exception of the white-winged triller Lalage sueurii tricolor 
from Australia, which has a double molt. In one of these molts ( January- 
February) the male acquires a femalelike dull-colored brownish plumage 
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(eclipse plumage), and in the other molt (August-September) it acquires 
a beautiful glossy-black nuptial plumage. The subspecies Lalage «. 
sueurii from Timor and the Lesser Sunda Islands has only the ^'nuptiar’ 
plumage and only a single annual molt (Mayr i94od). Somewhat similar 



Fig. 7. Geographic variation of Pachycephala pectoralia in the Solomon Is- 
lands. la = males white-throated; 2, 3, 5, 6 = males yellow-throated; ib = 
hybrid population between la and 2a; Males 2a, 2b, 2c indistinguishable, 
females vary geographically (heterogynism); 3a, 3b, 3c, a series with increas- 
ing tendency to melanism; 5 = males without black breast band; 4 = males 
hen-feathered. Many of these insular representatives stand on the threshold 
of specific distinctness. 

conditions have been found among members of the Old World genus 
Ciaticola (Sylviidae, warblers). Some tropical species of this genus have 
only a single plumage — a nuptial plumage — while most species, in par- 
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ticular the subtropical ones, have two plumages, a summer (or breeding) 
plumage, and a winter (or eclipse) plumage (Lynes 1930). There are, 
however, some four or five species known in which some subspecies have 
two molts and plumages and others have only one. This is correlated 
with the fact that these species have a wide latitudinal distribution, in- 
cluding both tropical and subtropical countries. In the duck Anas 
castanea the temperate zone race castanea from southern Australia has 
sexual dimorphism and a male nuptial plumage ; in the other subspecies 
male and female are colored alike throughout the year (Ripley 1942). A 
similar geographic variation of the number of the molts seems to occur in 
other species of birds, for example in Vireo olivaceuSy but the evidence 
is still somewhat contradictory. 

The number of molts in the larvae of Lymantria dispar is also subject 
to geographical variation (Goldschmidt 1940:42). Both male and female 
may have four or five molts, or the two sexes may behave differently in 
regard to the number of molts. The mode of inheritance has been worked 
out in this case. Undoubtedly many similar cases will be found in other 
groups of animals as they become better known. 

Geographic Variation of Other Physiological Characters 

Every physiological character that was seriously studied was found 
to show geographical variation. This is not surprising if we consider that 
such characters have nearly always an adaptive value. We owe a great 
deal of information in this field to Goldschmidt, who determined in 
Lymantria dispar such factors as the length of time of larval develop- 
ment, the number of larval instars, the length of the diapause, and so 
forth (Goldschmidt 1934, 1940). Speyer (1938) studied the hatching 
time of the winter moth {Cheimatobia brumata)^ which roughly coincides 
with the time of the first fall frosts, but is subject to striking local varia- 
tion. At one valley locality (Neuenkirchen) the moths appeared a month 
earlier than in the neighboring villages on low hills, even though no 
climatic differences were noticeable. However, most of this valley is 
flooded by the fall rains, and this had apparently resulted in the develop- 
ment of an early flying race, through the drowning of all the late- 
* hatching pupae. The early hatching date was proved to be genetically 
i fixed, since it was retained in the laboratory. It was possible to shorten 
the larval stage of a laboratory population through a period of years by 
selecting early flying individuals as the breeding stock. Hovanitz (1941b) 
showed likewise that the geographic variation in the time and length of 
aestivation and hibernation of the Californian races of a butterfly had 
a genetic basis. Miiller and Kautz (1940) showed that the low-altitude 
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races of Pieris bryoniae had two broods per year, the high-altitude races 
only one brood. The one-broodedness was retained by the high-altitude f 
form, even when kept in captivity at high temperatures. Krumbiegel, 
(1932) found that the geographic races of Carabus nemoralis differ in 
their phototaxis. The more northern races are strictly nocturnal, the ^ 
southern races more or less diurnal. ^ 

Microgeographic races of fresh-vjater snails {Lymnaea) differ in regard 
to a number of physiological characters such as egg production, length 
of fertile period, age of maturity, growth rate, and longevity (Baily 1939; 
Forbes and Crampton 1942). Considerable differences are to be expected 
when the same species ranges all the way from the tropics to the temper- 
ate zone. Rensch (1931) showed that this affects a number of physiolog- 
ical processes and correlated organs, including the circulatory system 
(relative heart weight) and the intestinal tract (relative length of in- 
testines and of caeca). 

Habits and Life History 

In the preceding paragraphs such physiological differences between 
races were discussed as expressed themselves in structural differences, 
or at least in growth processes and rates of development. There are 
others which express themselves in habits or ecological preferences. 

Important as such characters are, as contributory factors in specia- 
tion, they are difficult to interpret. The principal trouble is that we never j 
know to what extent such characters have a genetic basis. Let us demon- j 
strata this by one example. The Yellow Wagtail {Motacilla flava) of 
Europe is nearly always a ground-nesting bird. About 1915 Schiermann 
(1939) found a little colony of these birds in which all the individuals 
(eight or nine pairs) had built their nests off the ground on Artemisia 
plants. The birds came back year after year and built the same kind of 
nests, until the habitat was destroyed. It is extremely unlikely in this 
case (and many similar ones) that some sort of mutation had occurred 
which resulted in the changed habit. It is much more likely that one 
bird started the new fashion and the others “learned” from him, until 
the entire population had “acquired” the new habit. Such new habits 
are usually lost as quickly as they are acquired, unless they add measur- 
ably to the survival value of the species. But we cannot rule out the 
possibility of a genotypical basis in many other cases. The Peregrine 
Falcon or Duck Hawk {Falco peregrinus)y for example, generally nests 
on cliffs. There are extensive geographic areas in which only cliff nests 
are known. In other districts, for example the north German and Baltic j 
plains, the birds reproduce in tree lifests and are thus able to reach a ^ 
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much higher population density than is possible in the cliS districts. 
Still, in a fully populated cliff district birds will attempt to occupy an 
unsuitable cliff nesting site, rather than shift to a tree (Hickey 1942). 
This may be due to the conditioning of the young to the cliff nests, but 
it may also have a genetic basis. 

The song races of birds may also belong to this category. It has been 
known to the field ornithologist for a long time that in some birds the 
song varies from district to district. Chapman (1940) lists, for ex- 
ample, differences in the song of various races of Zonotrichia capensis, a 
widespread South and Central American bunting. The isolated race 
antillarum from Santo Domingo has a song which is widely different from 
that of the other races of the species and resembles, in fact, that of some 
species of the genus Melospiza, The song of the Spanish race (ibericua) 
of the Chiff chaff (Phylloscopus collybita) is not at all like that of the 
other European races of the species from which it received its vernacular 
name, but is rather a lengthy sequence of soft whistles, much like the 
song of another species {trochilus) of the genus (Ticehurst 1938a). J. P. 
Chapin (personal communication) found striking differences between 
the song of the various subspecies of the South Sea Island warbler 
(Acrocephalus), On some islands the song was very beautiful, on others 
rather unmusical, while on Pitcairn Island no song at all was heard, 
even though the island was visited during the breeding season. The most 
remarkable geographic variation in song and call-notes that has been 
described occurs in the European chaffinch {Fringilla coelebs), Promptoff 
(1930) called attention to the fact that this species tends to break up 
into a number of geographic song races. Sick (1939), who gives a general 
survey of the literature on geographic variation of song, found that the 
so-called ‘‘rain-call” of the chaffinch is subject to an even more re- 
markable localization. This call, whose exact biological significance is 
still somewhat obscure, is uttered by the male within his breeding ter- 
ritory, In the township of Stuttgart, southern Germany, three sharply 
characterized rain-calls occur, of which one is restricted to the three- 
hundred-year-old park which extends along the valley floor for a dis- 
tance of three kilometers. The second call is restricted to the hills to the 
west, and the third to the hills to the east of the town. A “hybrid-zone” 
is found where two of these dialect districts meet, but distributional 
barriers, such as railroad yards, prevent such hybridization in other 
places, so that the districts of pure call notes approach each other occa- 
sionally within a distance of only five hundred meters. Much circum- 
stantial evidence indicates that these call notes are not genetically fixed, 
but conditioned. The young chaffinch learns these call notes from his 
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father and from the neighboring males and he either stays at or always 
returns to the locality where he was born. The exact history of the parks 
of Stuttgart is known, and it is evident that a period of three hundred 
years was available for the development of the striking “park dialect.'^ 
The significance of such nongenetic changes as contributory factors to 
isolating mechanisms is evident (see also Cushing 1941). 

In other cases the song of various populations is remarkably alike, 
even in widespread species. In the genus Phylloscopus the trivirgatua 
group of species is widespread in the Indo-Australian archipelago. Not 
the slightest difference in song could be detected by me between five 
subspecies which are so different in color, pattern, and size that they are 
classed in three separate representative species by most ornithologists. 
The song of these forms, which range from westernmost New Guinea to 
the easternmost Solomon Islands, is decidedly more conservative than 
a number of size and color characters. The thrushes of the genus Turdua 
can be recognized by their song in whatever part of the world a species 
is encountered. There is also no question that the song of parasitic 
cuckoos must have a strictly genetic basis, for the young cuckoo is ob- 
viously more exposed to the song of his foster father than to that of his 
own. It is therefore likely that genetic factors enter into the formation 
of song races in birds, even though conditioning may play a major role. 

Geographic variation (on a genetic basis) of the feeding habits or of 
food preferences may oceoi, but, in all the cases that have been reported 
in the literature, the difference is much more probably due to local con- 
ditioning and therefore phenotypical. So many sudden changes in the 
feeding habits of a population have been reported that considerable cau- 
tion in their interpretation seems advisable. 

It would be extremely valuable to get some information on the geo- 
graphical variation of courtship patterns, display postures, and so forth. 
These differences must exist; otherwise we would not find such striking 
differences between good species. That such variation is possible is evi- 
denced by the geographic variation which Venables (1940) reports in 
the begging postures of young mockingbirds in the Galkpagos Islands. 
While begging for food the young droop the tail in melanotia (Chatham 
Island) and raise it in macdoruiidi (Hood Island) and haueri (Tower 
Island). 

Migratory movementa, — The presence or absence of migratory move- 
ments in birds belongs as much to the genetic charjicteristics of a race oi“ 
species as does size or color patterns. There are numerous species of 
birds in which some races are migratory, while others are sedentary. In 
the South American bunting Zonotrichia capenaia (Chapman 1940) all 
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the races are sedentary except the Patagonian subspecies australis. In 
the cuckoo Chalcites lucidus the races on the tropical islands {harterti and 
layardi) are sedentary, while the subtropical or temperate zone races 
{lucidus and plagosus) are migratory (Mayr 1932b). In the humming- 
bird Selasphorus alleni the race sedentarius Grinnell from the Califor- 
nian islands of San Clemente and Santa Barbara is sedentary, while the 
bird from the opposite mainland of North America migrates south to 
Mexico (Grinnell 1929). These are but a few examples of literally hun- 
dreds of similar cases. Sometimes it is possible to find a population in 
which some individuals are migratory, others sedentary. Nice (1937) in- 
vestigated this situation in a song sparrow population from central Ohio, 
but she was unable to establish the mode of inheritance of this trait. 
Similar differences in migratory behavior undoubtedly occur in insects 
and marine animals, but little has been recorded. Of two closely related 
species or subspecies of Pieris (butterflies), one (napi) is strongly migra- 
tory, while the other (hryoniae) is strictly sedentary (Muller and Kautz 
1940). 

Habitat preference. — It is an old and often-tested experience of the 
naturalist that similar species can be better identified in many cases by 
their habitat association than by morphological characteristics. This has 
t led some authors to the assumption that such habitat requirements are 
constant in species, both in space and time. Consequently, whenever 
there was doubt as to whether or not two forms were conspecific, their 
habitats were examined. If they were found to be identical, the two 
forms were considered as only subspecifically different; if the habitats 
were different, the two forms were recognized as full species. 

Reinig (1939) postulates, on the same basis, that by knowing the 
present-day ecology of a species, its history can be largely reconstructed. 
Both beliefs are partly correct, but are not without exceptions. Many 
cases have been described in recent years in which even populations of 
the same subspecies may occur in rather different habitats. The savanna 
sparrow {Passer cuius sandwichensis savanna) is a common bird of the 
salt marshes of the Atlantic Coast of eastern North America from south- 
ern New Jersey to Canada, but it is also found in a very different plant 
association, on dry hillsides, from the Catskills to New England, and in 
many additional habitats in other parts of North America. The golden 
warbler {Dendroica petechia) ^ which is a bird of the mangroves through- 
out its range, was found by Wetmore (1927) to occur on Puerto Rico 
not only in the mangroves, but also in gardens and other inland localities 
up to several hundred feet above sea level. Hile and Juday (1941) found 
that the depth of water inhabited by a single species of fish in the high- 
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land lakes of Wisconsin varies rather widely from one lake to another. 
Different species that live at the same depths in one lake may inhabit 
different depths in another. In most cases, however, such habitat dif- 
ferences are strictly associated with subspecific characters. 

The fantail Rhipidura rufifrons of the Australian region is preemi- 
nently a bird of the lowlands, coast, mangroves, and of small islands, 
but the race hrunnea (Malaita, Solomon Islands) is absent from the low- 
lands and is not found below 600 meters altitude, reaching its maximum 
abundance at 1,000 meters. In the thrush Turdus poliocephalus the sub- 
species on New Guinea, on Goodenough Island, and on Bougainville 
and Kulambangra Islands (Solomons), are high-mountain birds, usually 
not found below 2,000 meters. But other races of the species occur in 
the lowlands or even on small coral islands, such as the races on St. 
Matthias Island, Rennell Island, and on some of the islands of southern 
Melanesia and central Polynesia (Fig. 8). Some subspecies of the doves 
Ptilinopus rivolii and solomonensis live on small coral islets, others in 
the mountain forest of New Guinea or the Solomon Islands. In Megapo- 
diu 8 freycinetj likewise, some subspecies are restricted to the mainland, 
others to small offshore islands (Mayr 1941a). 

New Guinea presents abundant illustrations of this phenomenon. 
Species which in all other parts of the island are restricted to the moun- 
tains have isolated colonies at sea level near the lower Fly and Oriomo 
Rivers in southern New Guinea. This is true, for example, for the spe- 
cies Coradna caeruleogrisea^ Sericornis beccariij Microeca griseoceps^ Tre- 
gellasia leucops^ Ailuroedus viridis^ Zoster ops novaeguineaey as well as 
others (Mayr 1941a). Other New Guinea species are restricted to the 
lowlands or even to the coast, but one race (as for example the sub- 
species balim in Pachycephala pecioralis) is found far inland, or more 
than 1,000 meters high in the mountains. In some cases, and this is 
particularly true for widespread species, the various subspecies may be 
at home under extremely different conditions. The most striking case 
that comes to my mind in regard to birds is the raven {Corvus cor ax) ^ 
who is equally at home in coldest Greenland and in the hottest parts of 
the Sahara, in the quiet forests of the Baltic region and in the precipices 
of the Alps. 

The full significance of the extensive material on the geographic varia- 
tion of morphological, physiological, and ecological characters will be- 
come more evident in some of the later chapters. At the present I shall 
limit myself to emphasizing two points. The first is that all the char- 
acters which have been described as good species differences have been] 
found to be subject to geographic variation, whenever they have been 
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examined from such point of view. Rensch (1938b) looks at it from a 
slightly different angle, but means the same thing when he says “The 
characters, by which subspecies are distinguished, are of the same kind I 
as the characters which separate Valid^ species living side by side.^^ I 

The other point, which is intimately associated with the first one, is 
that geographic variation not merely helps in producing differences, but 
that many of these differences, particularly those affecting physiological 
and ecological characters, are potential isolating mechanisms, which may , 
reinforce an actual discontinuity between two isolated populations (see ; 
Chapter IX). Geographic variation is thus capable of producing the two 
components of speciation, divergence and discontinuity. 

THE GENETICS OF GEOGRAPHIC VARIATION 

We have established, in the preceding discussion, the facts that geo- 
graphic variation is of very common occurrence among animals and that 
it affects, so far as known, all taxonomic characters, that is, all the 
actual and potential differences between species. The study of geographic 
variation is thus of the greatest importance to the student of species 
formation. But such variation can be significant only if it affects the 
genetic basis of the visible characters, since the differences between^ 
species have a genetic basis. We must ask ourselves, therefore, if the 
differences between geographic races are phenotypical or genotypical, 
and what the genetic basis of geographical variation is. 

The Genotypical Character of Geographic Variation 

We have learned in the discussion of phenotypical individual variation 
(p. 27) that environmental influences are capable, under certain condi- 
tions, of changing individual animals considerably. It is only natural 
that the conclusion should have been drawn by many investigators that 
geographic variation was due entirely to the phenotypical adaptability \ 
of animals. This point of view was strongly endorsed by some plant* 
ecologists, who observed a striking adaptability of plants to local con- 
ditions. To consider geographic variation merely a modification process 
was, perhaps, the prevailing belief among biologists, excepting the tax- 
onomist, toward the end of the last and the first twenty years of the 
present century. However, a study of zoological-garden animals and, 
more recently, the genetic analysis of geographic populations led to a 
complete change of opinion, and for a while every difference between 
local populations was considered as entirely due to genetic factors. 

A healthy reaction has set in against this extreme, and a natural bal- 
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ance is being reached. We are now beginning to realize that, although 
' there are many genotypical differences between local populations, not 
all geographic differences are genotypical, particularly in poikilo- 
thermal animals. It might be useful to summarize some of the evi- 
dence on which these conclusions are founded. I am somewhat handi- 
capped, as an ornithologist, in the discussion of these phenomena, since 
birds with their highly uniform internal environment (homoiothermy) 
exhibit a minimum of changeability through external causes. 

Phenotypical changes in birds. — No case is known to me of any popula- 
tion of birds having changed from one year to the next on account of an 
unusually strong influence (let us say, a particularly hot or dry season). 

[ The variation of the phenotype, in birds, is exceedingly narrow. Many 
species that have been bred in captivity for generations are in no way 
different from the wild type unless obvious mutations have occurred. 
The normal phase of the budgerigar {Melopsitiacus undulatus)^ although 
bred in captivity for more than a hundred generations, is externally still 
the same as the wild bird in Australia. The house sparrow (Passer 
domesticus) was transplanted from Europe to North America about one 
hundred years ago, but no visible change has yet occurred (Lack 1940c). 
Several sp(‘cies of Europ(^an birds were transferred to New Zealand dur- 
ing the nineteenth century, but no differences seem to have developed. 

As far as wild birds are concerned, I know of only two doubtful excep- 
tions. The British goldfinch (Carduelis carduelis britannica) was trans- 
ferred to Bermuda and was supposed to have developed there into a 
different race (berrnudiana Kennedy). Recent authorities, however, deny 
the existence of any differences. The second case concerns the Hawaiian 
house finch. A number of pairs of the Californian race (Carpodacus mext- 
canus frontalis) were taken after 1870 to several of the Hawaiian Islands 
(Oahu, Molokai) and have since developed into a thriving population. 
Grinnell found that Hawaiian birds differed from those of California 
by having all crimson colors replaced by yellow or orange and described, 
on this basis, a Hawaiian race mutans. Certain birds have pigments that 
are subject to captivity and food influences, and the red of the Purple 
Finch group is one of them. It is therefore probable that we have in this 
case a true phenotypic change of a wild population of birds, as Phillips 
(1912) has pointed out. In captivity a small number of birds are known to 
change the color of the plumage, in particular finchlike birds and 
pigeons. Crossbills and Purple Finches nearly always lose in captivity 
the red of their plumage, which is replaced by greenish-olive. Beebe 
(1907) produced considerable changes in the plumage of captive birds 
by subjecting them to darkness or to a particularly humid atmosphere. 
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Dr. H. Friedmann, who kindly gave me permission to quote this unpub- 
lished work, experimented with white-throated sparrows (Zonotrichia 
aUncollis) in the Washington Zoological Park. Three groups of these 
birds, totaling between forty and fifty, were studied through three suc- 
cessive molts. One group was kept in the warm, humid atmosphere of 
the crocodile house, a second group in the dry, warm finch room, and a 
third group of controls out of doors. Neither gross inspection nor micro- 
scopic examination of the feathers revealed any change in the pigmenta- 
tion of either of the experimental groups. Rensch (1933) has summarized 
most of the pertinent literature. The antlers of the Red Deer, which was 
introduced from the British Isles to New Zealand, are reported to have 
changed considerably and the hinds have been reported to come into 
breeding condition one year earlier (G. M. Thomson 1922). The fur of 
several of the Australian marsupials that were acclimatized on New Zea- 
land is reported to have become denser in the cooler climate (Le Soueff). 

Phenotypical changes in cold-blooded animals. — Phenotypical changes 
, of taxonomically important characters are rare in warm-blooded ani- 
mals, but common in cold-blooded ones and in particular in insects. This 
adds to the difficulties in studying geographic vai iation of invertebrates 
^and cold-blooded vertebrates. It is in most cases impossible, without 
breeding experiments, to state whether a particular variant is genetic 
or not. Sometimes definite conclusions can be reached by a study of the 
ecological conditions. If, for example, all the animals of one stream 
system belong to one variant, and all the animals of* another stream 
system to another variant, it is rather obvious that true subspecies are 
before us. If, on the other hand, the same variant occurs in the muddy 
mouth of both streams, another variant a little higher in both streams, 
and a third variant of the same species in the rapid waters near the 
source, the possibility cannot be excluded that these variants are merely 
phenotypic responses to specific environmental conditions, such as oxy- 
gen content, turbulence, calcium content of the water, and the amount 
of available food. It is distressing and embarrassing to the conscientious 
j taxonomist to have to admit how many ‘^new species'^ are created by 
less conscientious colleagues on the basis of nongenetic habitat forms. 
.The taxonomy of fresh-water mussels and snails has been simplified 
jtremendously through the elimination of so-called species which were 
nothing but phenotypic variants. We have mentioned already how Lo- 
card^s 251 different species of Anodonta from France have recently been 
reduced to a single one. The same has been found in quite a number of 
species of fresh-water shells. There is a definite correlation in marine 
niollusks between the size and thickness of the shell and the temperature 
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and salinity of the water (Shih 1937). It is not known whether this varia- 
tion is purely phenotypical or whether it has a genetic basis. 

The final proof as to whether a certain habitat form has a genetic 
I basis or is entirely phenotypical can be found only through experiments 
(see also Rensch 1932, 1937, Boycott 1938). “A population of the pond 
snail Limnaea peregra from Leeds (England) was in its natural state a 
well grown, large mouthed form with a short, sharply pointed spire. 
Brought into the standard conditions of culture, it rapidly became more 
elongated and smaller mouthed’’ (Diver 1939). Oldham took popula- 
tions of Helix pomatia, Arianta arhustorurh^ and other species of snails 
and reared one half of the individuals on a diet rich in lime, the others 
on a diet poor in lime. The shells of both batches reached about the same 
size, but the lime-fed individuals had a thick and heavy shell, while the 
shells of the lime-starved individuals were extremely thin (Diver, loc. 
cit). R. Woltereck (1921) in numerous experiments proved the extreme 
plasticity of Daphnia. A normal culture of Daphnia cucullata from Den- 
mark was transferred to an artificial pool in southern Italy, where the 
temperature was higher and food conditions were particularly favorable. 
After a number of generations (eight months) the Italian stock had 
changed considerably; the average size was larger, the spine thicker, the 
head ventrodorsal ly broadened, the helmet broadened, lower, and in old 
females even curved forward. A transfer of individuals of this stock to 
aquarium tanks in Leipzig (Germany) with standard conditions showed 
a retention of the characters for from 3 to 4 generations, followed by a 
gradual return to a jiabitus resembling the original one. Similar changes 
may be caused by seasonal cycles, without any geographic transfer of 
populations. The reader should consult Coker (1939) for a recent sum- 
mary of this phenomenon, which has been termed cyclomorphosis. It has 
been impossible, so far, to segregate in the genus Daphnia true geo- 
graphic variation from these phenotypical changes. 

Fresh-water fish are prone to the formation of local races. The work 
of Hubbs, Gordon, and others indicates that a considerable portion of 
this variability has a genetic basis, but some authors have gone too far 
in considering as racial characters all the differences which they found 
between local populations. W. Koelz (1931), in a taxonomic study of the 
whitefish Leucichthys artedij divided this species into a considerable 
number of geographic races on the basis of size, proportions, numbers of 
fin rays, gill rakes, and so forth. More recently Hile (1937) undertook an 
analysis of the populations of this fi^h in four lakes in northeastern Wis- 
consin. These lakes are situated within a few kilometers of each other, 
but show significant differences in regard to water temperature, pH, 
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bound CO2, and other chemical and physical constants. A biometric 
analysis showed that the four populations of L. artedi in these lakes 
were significantly different from one another. It developed that the 
morphological characters of the four fish populations run in a parallel 
series, if the lakes are arranged in a graded series according to their 
physicochemical properties. One of the most striking discoveries was 
that the fish of Muskellunge Lake of the 1928 class (hatched in 1928) 
were quite different from the 1929 class of the same lake (examined in 
1931 and 1932). An added complication in this species is that certain 
proportions were not only correlated with age and size, but also with 
growth rate. The populations with the most rapid growth had shorter 
heads, maxillaries, paired fins, and dorsal fins, wider bodies, and a 
smaller eye diameter. The growth rate, in turn, was largely dependent 
on the available food supply. It is obvious that the morphological char- 
acters of populations of this species depend to a large extent on non- 
genetic environmental factors and are thus phenotypical. The same is 
evidently true for the closely related European genus Coregonus, about 
the classification of which no two workers agree. Experiments in trans- 
planting members of this genus indicate that all the taxonomic char- 
acters which have been employed in this genus are highly susceptible 
to environmental influences (Hile, loc. ciL). To what extent food can in- 
fluence the morphology of a fish is demonstrated forcefully in Wunder^s 
(1939) comparative analysis of starved and overfed carp {Cyprinus 
carpio). The hunger form of this species is long, low, with a big head and 
long fins, while the well-nourished form is stubby, high-backed, with 
short head and fins. 

There is frequently one good indicator which permits us to differ- 
entiate phenotypical from geographic-racial characters. The geographic j 
race has, in general, a fairly wide range, including a number of different i 
habitats. The phenotypical variant, on "the other hand, usually has a ; 
rather small range at any one locality, but crops up again and again 
wherever the same or a similar combination of environmental factors 
occurs. Unfortunately, this is also true for geno-eco types; in fact, as we 
shall later see (p. 194), no line can be drawn between subspecies and 
genetically characterized ecological races. 

The genetic nature of geographic variation, — The above-cited phenom-: 
ena of adaptive responses to specific environments has led many biolo- 
gists to believe that the subdivisions of the species, local populations, 
and geographic races or subspecies were merely transient and nongen- , 
etic responses to the environment. That this view is not correct has been 
proven by all geneticists who have worked with geographic races. All 
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these workers, Sumner and Dice on PeromyscuSj Gordon, Hubbs, and 
others on fish, Goldschmidt on Lymantria^ to mention only a few, found 
that the characters which the taxonomist had been using in separating 
geographic races, had, with few exceptions, a strictly genetic basis. A 
summary of this evidence has been given by Dobzhansky (1941a). 

This result had been foreshadowed by a number of transplantation 
experiments (see p. 60). Even some races of the otherwise plastic fresh- 
water animals proved to be genetically fixed. Individuals of an Irish 
population of Liinnaea peregra were, in comparison with a stock from 
Leeds, England, of a strikingly different shape, being subinvolute, high- 
shouldered and laterally compressed. They also differed in the color and 
texture of the shell and in the distribution of body pigment. These dif- 
ferences proved to be heritable, and the race preserved its peculiarities 
in their entirety through at least ten generations of culture. A genetical 
analysis showed that these differences were due to a considerable number 
of genetic factors (Diver 1939). Recent genetic work has, furthermore, 
shown that subspecific differences are usually not due merely to one or 
two gene mutations, but apparently to a great many mutational steps 
I as well as additional chromosomal rearrangements. As a matter of fact, 
it now appears that the genetic differences are invariably more ex- 
tensive than the few superficial morphological ones would indicate. 
Genetic differences are often present, even where morphological ones are 
completely or nearly absent. This is particularly true in the genus 
Drosophila, Such genetic differences are sometimes expressed in the 
ecology or physiology of the various populations, a situation which 
puts the taxonomist in a dilemma because his technique was developed 
jfor the detecting of morphological differences, not of the deep-seated 
I physiological ones, often equally or more important. The fact should 
therefore be emphasized that a species does not necessarily lack geo- 
graphic variation, because the taxonomist cannot find it by his methods. 
On the contrary, all the recent work seems to indicate that all species 
(except those with very small ranges) are composed of groups of genet- 
ically different populations, even where visible differences are too slight 
to be noticed by the taxonomist. 

The Genetic Basis op Species Formation 

Modern genetics is a science which is so intricate and specialized that 
it seems impossible for an outsider to add anything to the excellent re- 
cent discussions of Dobzhansky (1941a), Timofeeff-Ressovsky (1940a), 
and Muller (1940) on genetics and the origin of species. Much of this 
liter.ature, however, is rather technical or unknown to the average tax- 
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onomist for other reasons, and it may, therefore, not be entirely useless 
to make a few comments from the point of view of the taxonomist. They 
may contribute toward straightening out the differences between tax- 
onomists and geneticists and may help to close the gap between the two 
sciences. But even the geneticists themselves have been unable to agree 
as to how to fit the known pieces of evidence together, and how to fill 
the gaps in our knowledge by interpretation. The fact that an eminent 
contemporary geneticist (Goldschmidt) can come to conclusions which 
are diametrically opposed to those of most other geneticists is striking ] 
evidence of the extent of our ignorance. If we are ever to arrive at a mu- ^ 
tual agreement on the genetics of speciation, we must first segregate the 
generally accepted theories from the hypothetical assumptions. The two 
most fundamental and most widely accepted theses of genetics are: 

(1) Nearly all genetic factors are located in the chromosomes. 

(2) Normal individuals of sexually reproducing species have two homol- 
ogous chromosome sets, one each from either parent. The gene contents of 
two homologous chromosomes present in the same individual do not merge 
or blend, but segregate at the time of gfamc/e/orma^zon (disregarding, for the 
sake of simplicity, all the more complicated situations of haploidy, poly- 
ploidy, and so forth). These two simple facts are the reason for Mende- 
lian inheritance; indeed, they explain basically most genetic phenomena. 
Only very few authors would take exception to these two statements. 

A third statement of the geneticist, namely that the divergence in 
nature is due to mutations, was flatly rejected by most taxonomists dur- 
ing the first twenty-five years of this century. The reason for this be- 
comes obvious if we look back over the history of the term mutation. 
^The mutation concept has had a tortuous history. Not only has the 
term changed repeatedly in meaning, but even now it is being used in 
at least two different senses^' (Dobzhansky 1941a). The term, as such, 
is as old as natural science and was used in a more or less neutral sense 
up to the middle of the last century (Cu 4 not 1936, Remane 1939)- In 
1869 Waagen fixed the term mutation in a definite technical sense, apply- 
ing it to different forms of fossils of the same lineage, occurring in sub- 
sequent horizons (time levels). Waagen^s mutations are what might be| 
called subspecies in time. The term has had considerable popularity in » 
the paleontological literature, in this original meaning. Completely ignor- 
ing this earlier usage, De Vries picked up the term again and introduced 
it into genetic literature with an entirely new meaning. He applied it to 
striking departures from the previous appearance of a species (on a 
genetic basis, of course). To him, as to Goldschmidt with his systemic 
mutations, each mutation ^^sharply and completely separates the new 
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form, as an independent species, from the species from which it arose, 
while on the other hand “the usual [individual] variability cannot lead 
to a real overstepping of the species limits even with a most intense 
; steady selection.’' As a matter of fact, very few of De Vries’s mutations 
f were gene mutations, most of them being cases of polyploidy or other 
i kinds of cytological aberrations, as they so commonly are in the genus 
Oenothera^ and the mutation concept of the modern geneticist resembles 
only vaguely De Vries’s original concept. It is not surprising that the 
taxonomists and the paleontologists who examined De Vries’s defini- 
tion of mutation decided that it was not the kind of phenomenon that 
had anything to do with speciation. This opinion is typified by Osborn’s 
(1927) often-quoted statement: 

Speciation is a normal and continuous process; it governs the greater part 
of the origin of species; it is apparently always adaptive. Mutation [as de- 
fined by De Vries] is an abnormal and irregular mode of origin, which while 
not infrequently occurring in nature, is not essentially an adaptive process; 
it is, rather, a disturbance of the regular course of speciation. 

This attitude toward mutations has by no means disappeared during the 
last fifteen years. One of the best North American bird taxonomists 
asked me in a letter, early in 1941: “Why do you think that the De 
Vriesian mutations explain species formation better than the ever present 
individual variation?” He said “De Vriesian mutations,” not merely 
mutations, and this is really the crux of the matter. For a taxonomist, 
whose method is based on the acceptance of prior definitions, the mean- 
ing of a scientific name is that given it by the original describer. But the 
term mutation, as used by the modern geneticist, resembles De Vries’s 
concept only vaguely. The term mutation itself has “mutated” repeat- 
edly during the last forty years. Perfectly valid objections to De Vriesian 
mutations are not justified, if raised against mutation in its modern 
1 form. Mutation includes now (contrary to De Vries) all the small genetic 
I changes of which individual variation is composed, as well as (contrary 
to Osborn) those changes which have potentially a selective value. 

I have emphasized this shift in the mutation concept, because a real- 
ization of this change may help to overcome the objections of those who 
are still reluctant to admit the evolutionary significance of mutations. 
Since there seems to be no adequate definition of the term mutation in 
the modern genetic literature, the following may be suggested : A muia- 
lion is a discontinuous chromosomal change with a genetic effect. Such a 
definition would cover ordinary gene mutations, chromosome mutations 
(translocations, inversions, and so forth), and genome mutations (chro- 
mosome losses, polyploidy, and so forth). The majority, possibly the 
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vast majority of mutations consist of gene mutations, but since there is 
no way of distinguishing phenotypically between gene mutations and 
other mutations, we must apply a broad definition. In fact, '*what is 
described as gene mutations is merely the residuum left after the elim- 
ination of all classes of hereditary changes for which a mechanical basis 
is detected” (Dobzhan^ky 1941a, after Stadler). 

Most of the mutations that were studied in the early days of genetics 
were gross aberrations, often of a pathological character. They are easy 
to work with and were therefore favored by the students of the laws of 
inheritance. This also strengthened the opinion of those who denied the 
evolutionary significance of mutations. However, Johannsen, as early as 
1909, and several workers after him (Morgan, Baur, and others) found 
small mutants which fall well within the range of individual variation, 
and it is now agreed that the great majority of mutations produce small 
or even invisible changes. In fact, it is now assumed that all individual ‘ 
variation, outside of phenotypic changes, is due to recombination and 
mutation. It is therefore permissible, and in harmony with the above 
definition, to state that mutations and recombinations furnish the only 
known material of evolution. Even now we know very little about the 
nature of mutations, the term being merely a synonym for X, the un- 
known. There is, of course, much reason to believe that all mutations, 
even the “mechanical” ones, are, in the last analysis, due to biochemical j 
processes. But nobody knows anything about the nature of these proc- ‘ 
esses, nor has it been possible so far to design crucial experiments to 
solve this puzzle. 

Speciation is explained by the geneticist on the assumption that 
through the gradual accumulation of mutational steps a threshold is 
finally crossed which signifies the evolution of a new species. The state- 
ment, of course, is little better than a tautological explanation to the 
effect that evolution proceeds by genetic changes. The “explanation” of 
evolution as being due to mutations would, indeed, mean very little if, 
biochemically speaking, many basically different kinds of mutations 
exist, which have Mendelian inheritance as their only common attribute. 
We have to keep this in mind when we discuss the nature of mutations 
and of the mutation process. 

The opinion was formerly widespread among taxonomists (includ- 
ing even Darwin) that the germ plasm can react to the needs of the 
body. A change in the body would thus result in an appropriate reaction 
of the germ plasm. The extremists among the geneticists, on the other 
hand, insisted that the germ plasm lived a happy life of complete in- 
dependence in the body, completely unaffected by the physiological proc- 
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esses and physical states of the body itself. Most modern geneticists are 
somewhat more cautions. They know that changes in the body may 
cause reactions in the germ plasm, that the mutation rate may be 
changed as a consequence of a change in temperature, and so forth. It 
is still believed, however, that a gene never mutates in response to a 
need. The connection between the gene and the body is, for most ge- 
neticists, strictly like a one-way street. This may be true, but if so it 
would be strangely different from most other biological processes, which 
are based on biological equilibria. A gene controls certain physiological 
processes, and it is therefore thinkable that the mutation rate might 
be raised at those loci which, owing to certain environmental conditions, 
have to be exceptionally active in the production of the particular chem- 
ical (enzyme?) which is produced by that gene (locus). I have mentioned 
this possibility merely 1o indicate that, in view of our present ignorance 
of the physiology of the gene and of the chemistry of the mutation 
process, it seems premature to assert with too much positiveness that 
all gene mutation is strictly random. 

Another source of misunderstandings and misinterpretations is the 
tendency of workers to consider the actions of genes entirely as those of 
separate units. What my objections to this tendency are will be made 
clear by the subsequent discussion. If two animals that belong to the 
same natural or artificial population are crossed, it is theoretically always 
possible to work out a Mendelian segregation of their differences. If, 
however, two species are crossed, it is rare to find more than two or three 
characters displaying Mendelian inheritance due to a single gene, all 
other characters showing ‘'blending'^ inheritance. The term blending 
inheritance is rather unfortunate because it suggests pre-Mendelian 
ideas of actual blending of the genetic basis of the parental characters. 
Such a supposition cannot be reconciled with chromosomal inheritance, 
and there is abundant proof against the validity of this pre-Mendelian 
concept. Authors who speak today of ‘^blending” inheritance use this 
term descriptively to characterize the lack of clear segregation in the 
F2, F3, and following generations. Such ‘^nonsegregating’’ is typical for 
species and subspecies crosses; it has been encountered by nearly every 
author working in this field. The geneticists interpret this by the action 
of multiple factors, respectively the so-called “modifiers.” Harland goes 
so far as to say (quoted from Dobzhansky 194^:84) that “the modifiers 
really constitute the species.” It is by no means certain whether all 
these postulated modifiers really exist in the form of individual genes or 
whether other genetic factors, such as a chromosomal “ground sub- 
stance” (Anderson 1939), exist, or whether there is in every species what 
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might be termed by a neutral expression a specific gene environment. 
But even if the orthodox opinion should be proven — that “non-segrega- 
tion’^ of species characters is due merely to the action of discrete modify- 
ing genes — it would be important to emphasize much more vigorously 
than has been done heretofore that such interaction of genes exists. Spe- 
cies differ in hundreds or even thousands of genes, and each mutation 
will result in a slight change of the genic environment of all the other 
genes. In a sense, therefore, Goldschmidt is right in insisting that every 
species is a different “reaction system,” with the modification, however, 
that, as Hubbs (1941) states correctly, even every subspecies is, to a 
lesser degree, a different reaction system. It is dangerous, if not com- 
pletely incorrect, in view of the interrelationship of the genes, to think 
of species merely as numerical aggregates of genes. Such a view under- 
rates the important role which is played in speciation by the integration 
of the various gene effects. Speciation will not be fully understood until 
we have more information about the nature of this integration. Most of 
the past work on this and related problems has been based on the arti- 
ficial production of mutations by the crude X-ray technique or has been 
restricted to the artificial piling up of such mutations in one individual. 
Such methods give valuable insight into the mechanisms of inheritance, 
but they produce nothing that resembles natural species. The opposite 
method, by which the workers attempt to break up into the genetic ele- 
ments the differences between species and their natural subdivisions, is 
much more promising. The work of Harland, Hutchinson, and Silow on 
cotton species (Gossypium) has produced highly valuable results. The 
work of Sturtevant, Dobzhansky, Spencer, and Patterson, to mention 
only a few of the Drosophila workers, is also blazing a path in the right 
direction. Only after these population differences have been properly 
analyzed and evaluated will it be possible to study the integration of 
the individual components. It seems to me that intrapopulation work 
cannot give the complete answer to these questions. 

I have tried, in the preceding discussion, to point out some of the rea- 
sons why taxonomists have been reluctant to accept all the conclusions 
drawn by geneticists. These mental reservations do not mean that an 
agreement between the two sciences is impossible. On the contrary, the 
disagreement concerns minor points, and it is possible to make a number 
of well-substantiated statements on the genetic basis of species forma- 
tion without referring to these controversial problems. The following 
generalizations may be made, on the basis of the study of natural populan 
tions and of the analysis of the Fi and F2 hybrids of taxonomically well-l 
established subspecies and species: 
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First, there is available in nature an almost unlimited supply of vari- 
ous kinds of mutations. Second, the variability within the smallest tax- 
onomic units has the same genetic basis as the differences between the 
subspecies, species, and higher categories. And third, selection, random 
gene loss, and similar factors, together with isolation, make it possible 
to explain species formation on the basis of mutability, without any re- 
course to Lamarckian forces. 

More detailed proof for the validity of these three statements was 
given in an admirable way by Dobzhansky, in his book Genetics and the 
Origin of Species (1941a), In order to avoid duplication, T have attempt- 
ed to reduce to a minimum, in my own presentation, all references to 
genetic material. 



CHAPTER IV 


SOME ASPECTS OF GEOGRAPHIC 
VARIATION 


The taxonomist looks at group variation with different eyes than does 
the geneticist. The latter is not concerned with such questions as to 
whether the differences between populations are slight or striking and 
whether or not they affect taxonomically important characters. No, the 
geneticist is concerned primarily with the analysis of the genetic nature 
of these differences, whether or not they are genotypical, whether they 
are due to different gene frequencies, and whether they are affected by 
hybridization or by the occurrence of new mutations. The taxonomist, 
on the other hand, with his more or less practical aims, is concerned first 
and foremost with the question of how this variation affects his taxo- 
nomic judgment. This criterion is clearly apparent in the conventional 
classification of group variation in (i) quantitative (degree of difference), 
(2) qualitative (presence or absence of characters), and (3) meristic 
(difference in numerical proportion) variation. If for example, in samples 
of two populations of a species of butterflies, one has a spot on the wing 
which the other population lacks, we speak of qualitative variation. In 
such a case there is a clear-cut difference between the two populations in 
regard to the quality of the color pattern of the wing. If the spot is 
larger in one of two populations and smaller in the other one, we speak 
of quantitative variation. Finally, if the individuals of one population 
have a greater number of spots on the wing than those of the other 
population, we speak of meristic variation (a difference in numbers). 

In the case of qualitative and meristic variation the individuals can 
be grouped into clear-cut classes according to the presence or absence 
of certain characters, while all individuals are different by degree only in 
the case of quantitative variation. Some workers, therefore, prefer a 
different terminology and speak of '‘continuous^^ and ^^discontinuous^^ 
variability (Simpson and Roe i939,Dobzhansky i94ia:6s), a distinction 
which goes back to Bateson and Galton. At first glance this appears 
to be a completely superficial classification, but curiously enough it 
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parallels a number of additional distinctions and is therefore, perhaps, of 
basic importance. The geneticist, who is interested in the mechanics of 
inheritance, finds that both types of variation seem to have the same 
genetic basis. The naturalist and perhaps also the physiologist, who are 
more interested in the manifestation of the genes, find a real difference. 
It seems as if the characters that are most frequently subject to continu- 
ous variation, such as pigmentation, size, proportions, and physiological 
constants, are almost invariably characters that indicate adaptive cor- 
relation. It may be useful, for these reasons, to classify variability into 
the two categories mentioned: continuous and discontinuous variation. 

DISCONTINUOUS VARIATION 

The opinion is widespread among taxonomists that the striking dif- 
ferences in general coloration or in special color patterns or structures, 
of which most discontinuous variation is composed, are mere incidental 
by-products of evolution, which tend to disappear in the phylogenies as 
quickly as they have appeared. This opinion is certainly justified in many 
cases, but there are several valid reasons for a more detailed treatment 
of discontinuous variation. 

All the evidence indicates at the present time that the mode of in- 
heritance (chromosomal-Mendelian) is exactly the same for continuous 
and discontinuous variation. In fact, there does not seem to be any sharp 
dividing line between the two kinds of variability; the difference seems 
to be primarily due to the number of genetic factors involved. We en- 
I counter discontinuous variation where only one or a few factors are in- 
volved, each producing a major effect, and we find continuous variation 
where many genetic factors, which produce small additive effects, unite 
in the shaping of a character. If this assumption is valid, it would be 
simplest to illustrate geographical variation with uncomplicated cases of 
discontinuous variation and to apply the conclusions to the more com- 
plicated situation of continuous variation. The study of discontinuous 
variation affords us, as the following section will show, a particularly 
graphic demonstration of the principle of geographic variation. A study 
of discontinuous variation also frequently permits us to indicate how the 
differences between individuals of one population are compounded into 
differences between populations and subspecies (races). 

POLYMOUPHISM^ 

Polymorphism, the occurrence of several distinct phases or types in 

1 Polychromatism is only a special case of polymorphism. 
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one population, is one of the most easily observed forms of discontinuous 
variability. Actually it is merely a pronounced type of individual varia- 
tion, a form in which the variants can be classified into sharply delimited 
groups or classes. The genetic basis of intrapopulation polymorphism is, 
apparently, exactly the same as that of ordinary continuous individual 
variation. Nevertheless, polymorphism is of considerable importance to 
the taxonomist, not only because some of the particularly aberrant and 
striking forms of certain polymorphic species have been considered dis- 
tinct species or even genera, but also because they are apt to illustrate, in 
a particularly simple manner, the behavior of Mendelian factors in natu- 
ral populations. Nabours (1929) made a painstaking and interesting 
analysis of such a case. For these reasons, polymorphism has been treated 
in considerable detail by a number of recent workers, and those who are 
interested in polymorphism as such should turn to these treatises 
(Rensch, Robson and Richards, Dobzhansky, Goldschmidt, Timofeeff- 
Ressovsky, Ford, and others). 

As far as the evolutionary significance of polymorphism is concerned, 
most taxonomists do not seem to tldnk very highly of it. The rarer forms 
are generally called varieties or even ‘‘aberrations,’' particularly by the 
entomologists. Goldschmidt (1940) describes the situation rather cor- 
rectly when he says (p. 12) : 

The taxonomists have never thought of these “varieties or aberrations” as 
being of importance for evolutionary problems, for they are very frequently 
of a type which occurs in the same way not only in different species but in 
different families and orders. Obviously, in these cases one rather general- 
ized process of development is liable to be affected only in a few simple 
ways. Thus, albinism is found in innumerable mammals and birds, and also 
in mollusks and insects. Melanism, or partial melanism, or progressive, 
graduated melanism is a very frequent type of mutant in the same groups. 
Whenever red pigment occurs, yellow mutants are found, and white ones 
arise from yellow. . . . We agree with the taxonomists that these aberra- 
tions can not play any major role in evolution. 

Goldschmidt and the taxonomists are probably justified in asserting 
that most of this variation is of minor significance in regard to speciation. | 
The characters involved are usually not the characters which separate 
related species. However, Vavilov and his school have pointed out that 
this type of variation has some evolutionary significance, since similar 
mutations occurring in related species (“homologous series of mutations”) 
give us certain clues as to the phylogeny of the germ plasm of the species 
involved (Rensch 1939a). 

Id the heron family (Ardeidae), for example, quite a number of spe- 
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cies are polymorphic. Melanism and albinism are the two most common 
color deviations. Albinism, in particular, is of great interest, since it is 
the dominant phase or exclusive coloration in some of the species. Table 
2 illustrates the occurrence of these color types in some species of the 
family Ardeidae (herons and bitterns) : 


Table 2 

Polymorphism Among Herons 


SPECIES 

WILD COLOR 

albinism 

MELANISM 

Herons and Egrets 

Demigretta sacra 

+ 

+ 

— 

Egretta asha gularis 

+ 

-f 

— 

Egretta garzetta-euloph. 

— 

+ 


Cosmerodius albus 

— 


— 

Florida caerulea 

+ (ad.) 

+ (juv.) 

— 

Ardea herodias 

+ 

+ 

— 

Bitterns 

Dupetor flavicollis 

+ 

+ 

+ 

Ixobrychus exilis 


— 

+ 

Botaurus spec. 

+ 

— 

— 


I have dwelt at length on this phenomenon of phylogenetically old 
(conservative) mutants, because taxonomists (and even some geneti*^ 
cists) have tended to base erroneous conclusions on it. In the West In- 
dian sugar bird, Coereba flaveolay the populations (races) of certain 
islands are entirely melanistic, on other islands only some of the individu- 
als are black, while all the individuals are normal on still other islands. 
A rapid spread of the black mutation (due to selective advantage) or a 
wave of recurrent mutations have been postulated on the basis of these 
distributional data. Phenomena such as the geographical variation of 
melanism in Coereba and Charmosyna (p. 79), as well as the color varia- 
tion of herons, indicate that the germ plasm of related species and sub- 
species reveals its similarity by a corresponding similarity of unstable 
(or reversible) processes. Dobzhansky (1933) demonstrated the same 
phenomenon among the ladybird beetles (Coccinellidae). The basic 
potentialities of related species thus tend to be similar {paripotency of 
V. Haecker), and the mutational channels are more or less prescribed. 
A comparative analysis of the gene mutations of related species of 
Drosophila leads to the same conclusion (Sturtevant 1940, Sturtevant 
and Novitski 1941). It seems possible that many phenomena which look 
like introgressive hybridization (a theoretical process which in animals, 
at least, is not well supported by facts) can be explained on the basis of 
the great phylogenetic antiquity of certain alleles. 
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Polymorphism would be only of minor interest to the student of 
speciation, if it were always a static condition. However, the proportion 
of the alternate forms changes in many polymorphic species, both in time 
and space, leading in both instances to divergence within the species. 

Ford distinguishes in a recent study (1940) (i) neutral pol3m[iorphism, 
(2) balanced polymorphism, and (3) transient polymorphism, relating 
to changes of polymorphism in time. 

Neutral polymorphism is due to the action of alleles ^^approximately 
neutral as regards survival value.'' Ford (following Fisher) believes that 
this kind of polymorphism is relatively rare, because ''the balance of 
advantage between a gene and its allelomorph must be extraordinarily 
exact in order to be effectively neutral." This reasoning may be correct 
in all the cases in which one of the alternative features has a definite 
survival value or at least is genetically linked with one. There is, how- 
ever, considerable indirect evidence that most of the characters that are 
involved in polymorphism are completely neutral, as far as survival 
value is concerned. There is, for example, no reason to believe that the ' 
presence or absence of a band on a snail shell would be a noticeable 
selective advantage or disadvantage. Among the many species of birds 
which occur in several clear-cut color phases (Stresemann 1926 and later 
papers), there is, with one or two exceptions, no evidence for selective 
mating or any other advantage of any of the phases. 

Even more convincing proof for the selective neutrality of the alter- 
nating characters is evidenced by the constancy of the proportions of the 
different variants in one population. The most striking case is that of 
the snails Cepaea nemoralis and C. hortensis, in which Diver (1929) found 
that the proportions of the various forms from Pleistocene deposits agree 
closely with those in colonies living today. 

Gordon (unpublished work) also found a remarkable constancy of 
gene frequencies in wild populations of the Mexican fish Platypoecilus 
maculatus. Four collections have been made in the Rio Papaloapan. 
Sumicrast collected 13 specimens in 1869, Meek 68 fishes in 1902, and 


Table 3 

Frequency of Four Common Genes in Four Collections of Platy- 


poecilus MACULATUS 


YEAR OP TOTAL NUMBER 

collection op specimens 

1869 13 

1902 68 


PERCENTAGE O F FOUR COLOR PHASES 
Jn D P^^ P^C 


lOI 

492 


20 . 
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Dr. Myron Gordon loi specimens in 1932 and more than 3,000 in 1939. 
The four most common color phases of the 1939 collection have been 
selected for Table 3. 

The agreement is very close, if one considers the small size of the 
three earlier samples and the high number of possible variants. The 
symbols of the four variants are Sp (sex linked spots), p (absence of 
visible dominant autosomal gene), P" (small spot), and P^'c (complete 
crescent). The autosomal spot genes (p, P^’, and P^'c) are allelic (Gor- 
don and Fraser 1931). 

Gerould (1941) found ii percent white individuals in a collection of 
females of the yellow species Colias philodicey collected in 19 ii in Han- 
over, New Hampshire. Among 161 females taken in the same locality 
twenty-nine years later (1940), again n percent were white. Neither is 
there in this species a seasonal fluctuation of this ratio. Kinsey (1941) 
states that within a period of ten years no change in the proportion of 
long-winged and short-winged individuals occurred in a population of 
gall wasps (Biorrhiza ebiirnea). Additional cases have been reported by 
Dobzhansky (1941a). 

Balanced polymorphism is characterized by a stable optimum propor- 
tion of two or more forms, any departure from which in either direction 
constitutes a disadvantage. Ford (1940) discusses this at length. Timo- 
feeff-Ressovsky (1940b) has reported on a highly interesting case of 
fluctuating balanced polymorphism in the lady bug Adalia hipunctata. 
The red phase prevails in spring populations of this beetle, while in fall 
populations the black phase is more common. More black than red 
beetles die during the winter. There is thus a balanced selection system 
in this species which works in favor of the red phase during winter and in 
favor of the black phase in summer. 

Transient polymorphism is a temporary stage during the period of 
displacement of a gene by an allel usually of greater selective value. A 
period of transient polymorphism should be observable in any popula- 
tion in which an advantageous mutation has occurred which affects any 
of the visible characters. The rapid spread of industrial melanism in 
C( rt.'iiu moths is usually (‘xplainral on this basis. In birds, 1 know of throe 
cases which might conn* iirnka* this h(‘ading. 

The Pied Fantail (Rhipidura flabelUfera) of New Zealand has a mela- 
nistic form (fuliginosa) which is fairly common on South Island. This 
black phase was unreported from North Island, N. Z., until 1864, but 
is believed to have since increased in numbers and range. Stresemann 
(1923) concludes, in view of the absence of migratory movements in this 
species, that black mutations have occurred and continue to occur 
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spontaneously on North Island, with the result that the normal, pied 
phase is being replaced. Oliver (1930), however, considers the evidence 
as unsatisfactory, in view of the scarcity of the black phase on North 
Island. No better is the proof for transient polymorphism in the banana 
quit (Coereha flaveola atrata) of the West Indian island St. Vincent. Since 
1903 the island has been visited by five or six collectors and bird stu- 
dents, all of whom found the normal (wild-colored) phase exceedingly 
rare or absent. However, the notes of an earlier collector (1878) seemed 
to indicate that he considered both phases about equally common. Lowe 
(1912), Stresemann (1926) and Meise (1928a) concluded from this evi- 
dence that the melanistic phase had largely replaced the normal phase 
between 1878 and 1903. The latest authorities ( J. Bond in lilt.) consider 
the early (1878) observations as very casual, and the case loses thereby 
most of its interest. It may be added that the black phase is also the 
common phase on the island of Grenada (although normal birds are 
fairly numerous at certain localities), ^ Vhile only normal individuals are 
found on the Grenadines, even on Green Island, which is not much more 
than a stone’s throw from Grenada” ( J. Bond m liti.). Black races occur 
also on two other widely separated islands, Los Roqu(‘s and Los Test igos. 
More convincing is the case of an African Barbet (Lybius torquatus) 
(Salomonsen 1938). This species has a bright red head, which may be- 
come white with the loss of the red lipochrome. Such a white mutation 
has largely replaced the normal phase in southern Nyasaland. Among 
collections made between 1890 and 1900 in the Zomba district, about 
half the specimens belonged to the white-headed phase {zombae)j while 
the others were of an intermediate, pinkish coloration. In 1932 J. Vin- 
cent failed to observe a single bird with red or pink head, among hun- 
dreds of birds that were encountered. There is little doubt that the white 
mutant {zombae) has, in this case, at least locally, completely replaced 
the original phase. Meise (1938:68) believes that this is due to the shift- 
ing of a hybrid zone. 

Geographically Variable Polymorphism 

Polymorphism can vary in space (geographically) as it can in time. 
Numerous cases have been described from most animal groups where a 
certain color phase occurs more frequently in one population of a species 
than in others. I shall content myself with treating, in more detail, 
cases that refer to birds, in particular those that have been encountered 
in my own work. As far as other animals are concerned, only such cases 
will be mentioned as have not yet been included in one of the above- 
cited collective treatments of the subject. 
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The term polymorphism may be applied, broadly speaking, whenever 
genetic factors break up a population into several classes, and it makes 
no difference whether the distinguishing characters concern visible 
morphological features or whether they relate to physiological, ecological, 
or other factors. The distribution of the gene arrangements in the third 
chromosome of race A of Drosophila pseudoobscura is a case of true poly- 
morphism. The taxonomist, of course, studies, in general, only those 
cases that are accessible to him, that is, those which produce visible 
effects in structure or coloration. 

The best-studied cases of polymorphism refer to color patterns. The 
European garden snails Cepaea nemoralis and C. horiensis may be with- 
out bands, or they may have five bands, or some of the five bands may 
be missing. The ground color of the shell may be whitish, yellowish, or 
pinkish. Four other variables in these species are: the order in which the 
bands appear in ontogeny, the width of the bands, the pigmentation of 
the bands, and the pigmentation of the lip. Each of these characters has 
a number of distinct expressions, and the number of possible pheno- 
types, due to the combinations of these factors, is almost unlimited. 
Some amateur collectors recognize and have named 208 varieties of 
Cepaea nemoralis. The interesting feature in this genus is (Rensch 1933) 
that there seems to be no significant geographic trend in this variation. 
Populations in Bohemia, in northern and in southern Germany may con- 
tain almost exactly the same proportions of the principal variant types, 
while populations that live only a few miles apart may have totally dif- 
ferent compositions. In general, the geographical distribution of the 
forms in polymorphic populations and subspecies is not as irregular as 
in Cepaea. It is, in fact, the rule that in polymorphic species each geo- 
graphic district is characterized by a different proportion of the various 
color phases. 

In the reef heron Demigretta sacra three color phases are known to 
occur, which are irregularly distributed over the range of the species 
and the variation of which is independent of the size variation which 
also occurs in this species (Mayr and Amadon 1941). White birds com- 
prise about 50 percent of the population of the Tuamotu Islands (Poly- 
nesia) and about 10-30 percent over most of the range of the species, 
but are absent or exceedingly rare on the Marquesas Islands, on New 
Caledonia, in South Australia, and on New Zealand. A third color form 
(mottled) is restricted to a continuous area from Micronesia to the 
Solomon Islands and Fiji, comprising about 15 percent of the individuals 
of these populations. 

The hawk Accipiter novaehollandiae has a white phase in certain sub- 



GEOGRAPHIC VARIATION II 


79 


species, which, however, is absent from all the twenty races which occur 
in the Lesser Sunda Islands, Moluccas, Biak, D’Entrecasteaux, the 
Louisiade and Bismarck Archipelagos, and the Solomon Islands. In New 
Guinea and in Australia both white and wild-type phases occur, while in 
Tasmania only the white phase is present. Not enough is known about 
the numerical proportion of the two phases in Australia and New Guinea 
to indicate whether or not a gradient in the proportions is involved. 

The long-tailed New Guinea lory {Charmosyna papou) is divided into 
four subspecies three of which are very distinct, whereas one (goliathina) 
is slight. In three of these four geographic races a melanistic phase is 
known to occur (Stresemann 1926, with colored plate). 


Table 4 

Distribution of the Black Phase in Four Subspecies 
OF Charmosyna papou 


subspecies 

LOCALITY 

COLLECTORS 

colored 

BLACK 

papou 

Arfak Mts. 

Many 

All 

No. 

% 

0.0 

goliathina 

Weyland Mts. (north) 

Three 

43 

I I 

20.8 


Nassau Mts. (south) 

Two 

8 


0.0 


Orarije Mts. (south) 

Two 

22 

4 

15-4 


Idenburg R. (north) 

Rand 

5 

I 

16.7 


L. Habbema (north) 

Rand 

2 

20 

90.9 


Schraderberg (north) 

Burgers 

5 

7 

58.3 

stellae 

S.E. New Guinea 

Many 

55 

3 

5-2 


Herzog Mts. 

Two 

16 


0.0 

wahnesi 

Huon Peninsula 

Four 

28 

I 

3*4 


There are several interesting aspects of this variation. First of all, the 
black ^^gene^^ is apparently older than some of the races, since it occurs 
in three of the races, including the very distinct and isolated subspecies 
wahnesi. Furthermore, the black phase seems to be in the minority in 
all parts of New Guinea, except along the north slope of the central 
ranges, whence 83 percent of the known specimens come. The geographic 
variation of the two color phases is almost completely independent of 
the other subspecific characters of the species. Similar cases of geo- 
graphically variable polymorphism have been described repeatedly in 
ornithological literature. Particularly interesting are the situations in the 
paradise flycatcher Terpsiphone (Stresemann 1924, Salomonsen 1933), 
and in the thrush Copsychus (Delacour 1931). M. Gordon (1941) found 
geographic variation in the proportion of different color patterns in the 
fish PUdypoecilus maculatus. 

Much more common and better studied is the geographical variation 
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of polymorphism in insects. Dobzhansky (1933) described the per- 
centage occurrence of seven color variants in the Asiatic lady beetle 
Harmonia axyridis. All five of the major variants were present in appar- 
ently only three of thirteen examined populations, while in seven popu- 
lations more than 80 percent of the individuals belonged to a single 
type. Ford (1940:503) quotes a considerable number of similar cases in 
butterflies, particularly in species in which the female is mimetic. Bovey 
(1941) has made a careful analysis of the color phases in Zygaena ephi- 
altes. Some of the most interesting cases have been described from 
bumblebees (Bombus). We have an excellent recent review of their varia- 
tion by Reinig (1939). The 3,000 described forms of Bombus belong to 
300 species, 1,200 subspecies, and 1,500 individual variants. Some spe- 
cies have 30 and more described variants, of which as many as 7 or more 
may occur in a single locality. In other parts of the range of such species 
only a single variant is found. 

Polymorphism is not restricted to coloration, but may also affect 
structure, as for example, the spiraling of snail shells. In many species 
of snails some individuals of a population are sinistrally spiraled, others 
dextrally (Crampton, Diver). 

In birds we have some structural polymorphism in regard to the 
presence or absence of skin wattles and similar epidermal structures. In 
the honey-eater Melidectes belfordiy the race from southeastern New 
Guinea (belfordi) has only a cheek wattle, the race rufocrissalis from the 
Sepik Mountains has both a cheek and a thrOat wattle, while the sub- 
species stresemanni from the Herzog Mountains is polymorphic. Four 
specimens in a scries of 8 birds have both wattles, while in 4 others the 
cheek wattle only is present. Structural polymorphism is common in 
insects, affecting the sculpture of the elytra, the wing venation, the num- 
ber of teeth in the sex-comb, and so forth. 

The point which must be emphasized is that in all these cases the pro- 
portion of the variants is different in various local populations. It occurs 
not infrequently that one of the several forms of a polymorphic species 
may become the dominant or even the exclusive variant in a particular 
section of the range of the species. From this phenomenon it is only a 
small step to the formation of clear-cut and well-segregated subspecies. 
For example, let us assume that a polymorphic species has the three 
forms N, W, and E. Let us also assume that N is the common form in the 
northern parts of the range, W in the western and southwest, and E in 
the eastern and southeastern. If eventually the unbalanced frequency 
of N, W, and E should reach the point where these forms occur in the 
three districts of the species to the exclusion of the other two forms, the 
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taxonomipt would consider this species to have three well defined sub- 
species: N, W, and E (Fig. 9). 

The geneticist believes that most subspecific variation actually origi- 
nates in this manner. Such an origin is usually not obvious, since the 
genetic basis of the subspecific differences is, in most cases, more com- 
plex, involving multiple gene differences as well as chromosomal changes. 
Therefore, instead of finding clear-cut types, as in polymorphic species, 
we find complete intergradation. Only where subspecies differ by a simple 
alternative character can we hope to prove that they must have gone 
through a stage of transient pol3rmorphism, which lasted from the time 
at which the “new’^ character made its first appearance in a population 
until the time when it completely replaced the ‘‘old’’ character. 




Fig. 9. Diagram illustrating the probable role of transient poly- 
morphism in subspecies formation. 

The hawk Accipiter novaehollandiae is now passing through this proc- 
ess. The white phase has completely replaced the normal one in the 
Tasmanian population, while in Australia and New Guinea the white 
phase is still restricted to a part of the population. Another interesting 
case is presented by the Solomon Islands flycatcher M onarcha castaneo- 
ventris. All of its races have a chestnut abdomen, except ugiensis from 
Ugi and St. Anna islands, which is entirely black. However, in a series 
of 28 specimens of ugiensis in the American Museum of Natural His- 
tory there is a single specimen with all the other racial characters of 
this form (large size, and so forth) but with a chestnut belly. On the 
other hand, among 33 specimens of the race obscurior from the Pavuvu 
Islands, there is a single all-black specimen which, at least in this re- 
spect, reveals the hidden potentialities of ugiensis. 

In the Ugi and Pavuvu populations of Monarch% castaneoventris we 
can thus discover the last traces of a transient polymorphism. In the 
majority of the cases, however, in which geographic races differ by the 
kind of characters which might well be alternative features in poly- 
morphic-populations, the difference is absolute and not merely meristic. 
Each character is associated with and restricted to one particular geo- 
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graphic area. There can be no intermediates, and this is why we find such 
typical cases only in species with well-isolated, that is insular popula- 
tions. 

Several of the other races of Monarcha castaneoventris are character- 
ized by this type of variation (Fig. lo). All the males from the Central 



Fig. 10. Discontinuous geographic variation in the flycatcher Monarcha 
castaneoventris from the Solomon Islands. Four principal color patterns are 
represented among the six recognized subspecies: i = castaneoventris and 
megarhyncha: 2 = obscurior: 3 = ugiensis: 4 = richardsii: 5 = eryihrosticta. 

An initial and a final stage of transient polymorphism occur in the subspecies 
obscurior and ugiensis. 

Solomon Islands (New Georgia group, and others) are of the richxirdsi 
(4) type of coloration, which is characterized by a white collar; and all 
of the birds from th(‘ Bougainville group are of the* eryihrosticta (5) 
type, in which males have a white, females a tawny spot in front of the 
eye. A similar distribution of color patterns is very common among is- 
land birds. It has been described from the genera Pachycephala, Myzo- 
melaf Rhipiduraj and others (Mayr et al. 193 iff.) and is also well illus- 
trated in the Turdus poliocephalus group (Fig. 8). 
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This mode of strictly discontinuous geographic variation of alterna- 
tive characters is much rarer in continental regions and also restricted 
more or less to species with well-isolated subspecies, such as are particu-^ 
larly common in mountain animals. The New Guinea birds of paradise 
and the Andean hummingbirds offer many splendid illustrations. A 
particularly diagrammatic case is presented by the Asiatic bulbul Micro- 
scelis leucocephalus. Since all the races of this species are very much 
alike as to size, proportions, and general structure, most of the variation 
is caused by a varying combination of only three colors (white, gray, 
black). According to the distribution of these colors in the various parts 
of the body, six very distinct combinations are produced (Fig. ii). 


'T'ablc 5 

Races of Microscelis leucocephalus 


TYPE 

RACE 

RANGE 

HEAD 

THROAT 

BREAST 

BACK 

BELLY 

WING 

I 

psaroides, and 
relatives 

India 

Ceylon 

Burma 

gray 

gray 

gray 

gray 

2 

stresemanni 

Yunnan 

white 

white 

gray 

gray 

3 

leucothorax 

Szechuan 

white 

white 

black 

gray- 

black 

4 

leucocephalus 

S. China 

white 

black 

black 

black 

5 

nigerrimus 

Forhiosa 

blcu:k 

black 

black 

gray 

6 

perniger 

Hainan 

black 

black 

black 

black 




Fio. II. Geographic variation in Microscelis leucocephalus. 
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These forms show little variation whenever they are isolated on is- 
lands (Hainan, Formosa) or on the mountain ranges that radiate from 
the Himalayas into southeastern Asia. But we find populations that are 
composed of a medley of hybrid forms where several of these forms come 
in contact with one another, which occurs in a broad belt stretching 
from eastern Burma to central China south of the Yangtse River. It is 
possible to find types i, 3, 4, and 6, as illustrated, as well as all inter 
mediate stages, in a single local interbreeding population. 

CONTINUOUS VARIATION 

In cases of pol3rmorphism and discontinuous variation we can dis- 
tinguish a number of clear-cut variants within each species. There are, 
however, numerous other species without, such striking differences. They 
show, instead, gliding intergradation between the characters of the in- 
dividuals of one population as well as between neighboring populations 
and subspecies. This so-called continuous variation affects most fre- 
quently the total size of the animal, or the relative and absolute size of 
parts, or various degrees and shades of coloration, characters which are 
particularly prone to vary geographically . Continuous variation is a 
typical mode of geographic variation in most animals with continuous 
ranges in continental areas. In contradistinction, we might expect, 
and we actually find that continuous geographic variation is rare or ab- 
sent in those species whose range is broken up into well-isolated popula- 
tions, as for example in tropical archipelagos or on mountain peaks. 

Continuous variation belongs to the class of quantitative variation 
and can therefore best be studied in characters that can be measured, 
counted, or otherwise expressed in figures. Any such study requires the 
collecting of reasonably large numbers of specimens throughout the 
range of the species, the measuring of the variables in these specimens, 
and finally the statistical analysis of such measurements. There is the 
additional difficulty that completely reliable measurements can be made 
only in animals with rigid exoskeletons. These methodological difficul- 
ties are the reason that so few good studies have so far been made in 
this field, quite aside from the fact that most taxonomists are over- 
burdened with other, more pressing tasks. Blair (1941) took four meas- 
urements (length of body, foot, parotoid gland, and so forth) on about 
5,000 specimens of several species of North American toads, of which 
I >553 were adult Bufofowleri from twenty-five localities. He found that 
each local population was characterized by a different set of constants, 
that the measurements for body size, absolute foot size, parotoid gland 
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length, and parotoid gland width varied irregularly within the range of 
the species, and that the relative foot length and the amount of dorsal 
spotting tended to increase from the southwestern to the northeastern, 
portion of the range. No pronounced breaks in the character combina-' 
tions were noticeable anywhere, that is, there were no striking discon- 
tinuities. This is probably the reason why no subspecies are recognized 
in Bufo fowleriy in spite of the distinct geographic variation. Intergrada- 
tion between the subspecies of a species is frequently of the same con- 
tinuous (gliding) character as between the populations of Bujo. This 
has been described by numerous authors, and I shall limit myself to 
quoting one particularly well-analyzed case (Dice 1940c) : 

There is a broad area of intergradation across North Dakota between the 
small, dark-colored, eastern subspecies, Peromyscus maniculatus bairdii^ 
and the larger, paler-colored, western subspecies osgoodi. The transforma- 
tion of the characters of hairdii to those of osgoodi is correlated with the 
increase in elevation, with the decrease in the amount of precipitation, with 
the more arid character of the vegetation, and with the increasing paleness 
of the surface soil from east to west in North Dakota. The intergradation 
between hairdii and osgoodi which occurs in North Dakota is, however, not 
a gradual, progressive change from one form to the other. On the contrary, 
the transition between the two forms often is obscured or locally reversed 
by the general occurrence of local races which depart more or less from the 
expected gradient of change. 

In birds only few good studies have been made on population dif- 
ferences within subspecies and on the variation in the zone of contact 
between two subspecies. A. H. Miller^s study of Junco populations (1941) 
is, perhaps, the finest study of this sort in ornithological literature, al- 
though many of the populations of this species group are isolated and the 
variation discontinuous. 

ADAPTIVE VARIATION 

Students of Holarctic birds and mammals observed, as much as one 
hundred years ago, that many of these small differences between local 
populations were obviously correlated with environmental conditions 
and they concluded, therefore, that they were ''adaptations.^^ The word 
adaptation has, unfortunately, somewhat of a double meaning, accord- 
ing to whether one sees in adaptation a process or the result of a process, 
in other words, whether one considers adaptation as something active or 
passive. Whenever the words adaptive or adaptation occur in the follow- 
ing discussion, they are used in a descriptive sense to indicate the re- 
sult of a selective process. 
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However, it should not be assumed that all the differences between 
populations and species are purely adaptational and that they owe their 
existence to their superior selective qualities. We have already pointed 
out the fallacy of such a point of view in the discussion of neutral 
polymorphism. Many combinations of color patterns, spots, and bands, 
as well as extra bristles and wing veins, are probably largely accidental. 
This is particularly true in regions with many stationary, small, and 
well-isolated populations, such as we find commonly in tropical and in- 
sular species. We shall not enter, at this point, into a discussion of the 
problem of the evolutionary prosperity of characters that either have no 
selective value or that seem to cause selective disadvantages (Ludwig 
1 1940), but we must stress the point that not all geographic variation is 
adaptive. 

, Directly selective characters. — If the color of an animal agrees with the 
background on which it lives, the survival value of this adaptation is 
obvious. Most smaller animals, such as insects, that show such adapta- 
tions agree in color and live on a specific part of a plant (leaves, bark, 
and so forth), and these color variants are therefore not geographically 
restricted. Geographic races can develop on the basis of the back- 
ground adaptation in all those cases in which regionally restricted soil 
coloration is involved. 

The Palearctic larks (Alaudidae) were the first birds in which this 
correlation between soil and coloration was discovered. These larks live 
on steppes and other regions with scanty vegetation and are obviously 
very vulnerable to predation in this exposed habitat. Hartert, Klein- 
schmidt, and others have called attention repeatedly to the minute 
agreement in color between some of the races, particularly in the genus 
Galerita, and the soil on which they live. Meinertzhagen (1924) dis- 
covered on a lava flow in eastern Syria a blackish lark {Anirrtomanes 
deserti annae), which was sandwiched in between two pale sand-colored 
subspecies that live in the sandy desert. ‘^On these dark flint stones [of 
the lava flow] the Ammomanes were scarcely visible, so exactly did the 
plumage of their back resemble the color of the flint, but the pale sandy- 
colored Eremophila [migratory Horned Lark] could be spotted at many 
hundred yards distance.'^ 

Niethammer (1940) reviews the literature on cryptically colored larks, 
and his paper should be consulted for further details. In a series of 
colored plates, he illustrates the close correlation between soil and color- 
ation of southwest African larks. The most remarkable part of this 
adaptation is that not only the general tone of color is reproduced ac- 
curately in the bird, but also its physical quality. The birds will have a 
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smooth, even coloration, if they live on a fine-grained, dusty, or sandy 
soil. If, on the other hand, they live on a pebble desert, they will have a 
coarse disruptive pattern of coloration. Even more remarkable is the 
fact that the birds become very much attached to the soil to which they 
are adapted (see p. 247). 

Most mammals are nocturnal and are therefore not as continuously 
exposed to predation as desert birds. It seems as if they were not quite 
as well adapted to their backgrounds as some of the larks. On the other 
hand, it is much easier to obtain them in quantities, and the background 
adaptation of mammals has therefore been even better analyzed than 
that of birds. Following the pioneer work of Sumner (1932) on desert 
races of Per omy sens and Benson’s (1933) studies of melanistic rodents on 
lava flows, Dice and his coworkers have devoted themselves recently to 
a detailed analysis of these adaptations (Dice and Blossom 1937). 

The most important conclusion of these studies, as already maintained 
by Kleinschmidt and other ornithologists more than thirty years ago, is 
that this adaptive coloration cannot be due to climatic influences (or 
only to a negligible degree), since the blackest races (on lava flows) 
occur sometimes in the immediate vicinity of the palest races (in sand- 
dune areas). It is obvious that selection by predators must have played 
an important role in the evolution of these localized color races. The 
selective value of the white arctic coloration is obvious in animals that 
are subject to predation, but it seems likely that the white color of arctic 
predators was developed in a more indirect manner. Direct background 
selection of microgeographic races has also been demonstrated for a 
number of insects, particularly grasshoppers. Hovanitz (1940) has ana- 
lyzed a case in a Californian butterfly. 

Complex {indirect) selective factors . — In cases of background adapta- 
tion of desert rodents or larks, there can be little argument as to the 
nature of the selective factors or the survival value of the adapted ani- 
mals. Dice and Blossom (1937) extend this conclusion to the color dif- 
ferences found between animals of arid ^^nd humid regions. They note 
that the soil in humid regions is darker, owing to its high humus con- 
tent, and claim, therefore, that this favors the selection of dark-colored 
races, exactly like lava flows. The darkening of the soil in humid regions 
may or it may not be responsible for the parallel darkening of local popu- 
lations of ground mammals, but this factor can certainly not be held re- 
sponsible for the darkening of bats, and of bush and tree birds. These 
animals do not show the close correlation between their color and that of 
the soil, as shown by larks or rodents; still, they tend to be much less 
pigmented in arid areas. 
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The fact that this change in pigmentation parallels a number of other 
changes is very suggestive of a more generalized effect of climate, rather 
than of the specific selective action of predators. If we find, for example, 
that nearly all endemic races of British birds (and also most of the 
Japanese) are smaller and darker than the corresponding mainland 
races, we are tempted to correlate this with the humid and uniform in- 
sular climate. If we find that desert hawks are much paler than the races 
from more humid districts, we are forced to the conclusion that it can- 
not be background selection by predators that caused this trend. A 
direct selective or adaptational value is not particularly obvious for 
most of the characters that are subject to such climatic adaptation. We 
must rather assume that the inheritance of general size or of the degree 
and kind of pigmentation is correlated with some organ (let us say the 
th3a*oid or pituitary) the variation of which is of selective valye. It is 
therefore possible and probable that many of these characters are due 
to the effects of pleiotropic genes. 

The following example will illustrate their importance: 

When the genes underlying various coat color and hair form varieties of the 
Norway rat are displayed upon a fairly uniform residual hereditary back- 
ground, they are found not only to affect bodily weight but also the dimen- 
sions of body and skull, size of the various glands, weight of the brain and 
its parts, degree of wildness, degree of savageness, amount of voluntary 
exercise taken, and those complex characteristics of behavior that may be 
termed ^^personality. 

Reduction of the size of olfactory bulbs (with probable loss of acuity of 
smell), reduction in brain size, reduction in the amount of exercise taken, 
tameness and docility found in the King inbred albino rat and formerly 
thought to be the ^^marks of domestication^^ impressed upon it by many 
generations in captivity, are shown to be due principally to the multiple 
effects of three coat color genes determining hooded, black, and albinism, 
respectively, for which three genes King inbred albino rat is purebred. 
(Keeler and King 1941). 


ECOLOGICAL RULES 

The modern taxonomist compares samples of local populations (series) 
of a species with each other, in order to determii^e the geographic vari- 
ation. One of the most important generalizations to be derived from this 
work is the establishment of so-called ecological rules. It was found, as 
was to be expected if we believe in the influence of natural selection, 
that many species show parallel variation under parallel conditions. We 
have already mentioned that anindals tend to become dark in humid 
climates and pale in arid climates. In warm-blooded species the popula- 
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tions that live in a cooler climate tend to be larger than those that live 
in a warm district. The subject is by no means new, since Gloger devoted 
to it, as early as 1833, an entire book of 159 pages: The Variation of 
Birds under the Influence of Climate. Bergmann, J. A. Allen, and others 
made notable contributions during the nineteenth century, but it was 
Rensch (1929, 1933, 1936, 1938a, 1938c, 1939b) who gathered all this 
scattered information and formulated a series of “ecological rules.'^ Un- 
fortunately, he quoted these rules in his earlier writings (1929-1933) as 
evidence for a direct (Lamarckian) influence of climate on geographic 
variation, and this has caused some of his adversaries to reject the rules 
as invalid or meaningless. A healthy compromise has since boon reached 
concerning the existence and the causes of the regularities on which 
these rules are based, and nearly every student of natural variation now 
admits their importance. They deserve detailed discussion. 

Widespread species live in many different environments. The extreme 
case in birds is probably that of the raven, Corvus corax^ which is found 
from the icy wastes of Greenland to the heart of the Sahara and the 
Arabian desert. It must be adapted in each region to its specific environ- 
ment. However, the raven is not a “plastic’^ bird, and the populations 
from all these regions are not very different. The desert birds are more 
brownish, and the birds in the Far North are larger, with a relatively 
smaller bill. Geographic variation and the correlation between environ- 
ment and taxonomic characters is much more striking in many other 
birds and animals. 

The correlation between environmental factors and the geographic 
variation of an animal may not become apparent until a detailed analysis 
is made. The size variation of Cacatua galerita triton (Fig. 2) seems exceed- 
ingly haphazard and irregular, but close study shows that (with the ex- 
ception of the Biak population) all the populations that are found on 
small and flat islands in the hot tropical sea, or near the seacoast, or on 
large hot lowland plains are of small size, while the populations that live 
on large mountainous islands or in mountainous districts of the main- 
land are of large size. It is therefore obvious that even the seemingly 
irregular variation of Cacatua follows the general temperature rule that 
in warm-blooded land animals the populations in the cooler districts are 
of larger size than populations of the same species in warmer districts. 

A careful study of the geographic variation of the characters of ani- 
mals of various taxonomic groups has led to the establishment of a num- 
ber of rules. We shall refrain from more detailed treatment, since there 
are a number of admirable recent summaries (Rensch 1936, 1938a, 

1939b). 
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Rules Applying to Warm-blooded Vertebrates 

, BergmanrCs rule. — The smaller-sized geographic races of a species are 
found in the warmer parts of the range, the larger-sized races in the 
cooler districts. The reasons for exceptions to this rule are but rarely 
apparent. The depth of the soil was found to be the decisive factor in 
the case of a burrowing mammal. High-altitude populations of a species 
of pocket gophers (Thomomys) from Idaho, Nevada, and other western 
states are of smaller size than the populations from lower altitudes and 
particularly from the fertile valleys. The selective force of the shallow 
soils and the short growing season at the higher altitude was thus 
stronger than the temperature factor. The various dwarf mountain races 
are not closely related because the geological history indicates that each 
of the mountains was settled from the neighboring valley (Davis 1938). 
The size variation of meadow mice (Microtus) also seems to be largely 
independent of local temperature factors (Dale 1940). The number of 
exceptions in Palearctic Passerine birds is about 16 percent (Rensch 
1939b). 

Alienas rule. — Protruding body parts, such as tails, ears, bills, extrem- 
ities, and so forth, are relatively shorter in the cooler parts of the range 
of the species than in the warmer parts. 

Gloger^s rule. — The melanins increase in the warm and humid parts 
of the range. Reddish or yellowish-brown phaeomelanins prevail in arid 
climates where the blackish eumelanins are reduced. The phaeomelanins 
are subject to reduction in cold climate, and in extreme cases also the 
eumelanin (polar white). 

Frank (1938) has demonstrated the validity of this rule very neatly 
by a microscopic analysis of the feather pigments of Paras atricapiUus 
(Fig. 12). Ma3rr and Serventy (1938) illustrated its effect on the sub- 
species of Australian warblers (AcarUhiza) . A similar correlation between 
.1 climate and pigment holds in many insect groups, as demonstrated for 
^ Polistes by Zimmermann (1931), for Bembidiinae by Netolitzky (1931), 
for Coccinellids by Dobzhansky (1933), ^^r California butterflies by 

Hovanitz (1941a). 

Rules Applying to Birds Only 

1. The races of a species which live in the cooler parts of the range of 
that species lay more eggs per clutch than the races in the warmer parts 
of the range (Rensch 1938c). 

2. Stomach, intestines, and caeca of birds that live on a mixed diet 
are relatively smaller in the tropical than in the temperate-zone races 
(Rensch 1931). 




Fig. 12. The geographic variation of phaeomelanin pigmentation in the titmouse Par us atricapiUus. The range of 
species is indicated by shading. The amount of phaeomelanin decreases from south to north. (From Frank 1938.) 
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3. The wings of races that live in a cold chmate or in the high moun- 
tains are relatively longer than those of the races which live in the low- 
lands or in a warm climate (Rensch 1936, 1938c, Meise 1938, Stresemann 
1941, Rand 1936). 

4. Races in the cooler climates are more often and more strongly 
migratory than the more southerly races. 

5. Island birds have longer bills than related mainland races (Murphy 
1938:538). This is possibly only a special case of Alienas rule. 

Rules Applying to Mammals Only 

1. The races in the warmer climates have less under fur and shorter 
contour hairs (Rensch 1936). 

2. The number of young in a litter averages higher in the cooler cli- 
mates (Rensch 1936). 

Rules Applying to Snails 

1. Land snails reach their greatest size in the area of optimum climate 
within the range of the species (Rensch 1932). 

2. The relative weight of the shell is highest in the forms exposed to 
the highest radiation of the sun (insolation) or to the greatest aridity 
(Rensch 1932). 

3. Land snails tend to have smooth glassy brown shells in cold cli- 
mates, to have white or strongly sculptured shells in hot dry climates 
(Rensch 1932). 

Klemm (1939), in a study of the species of the genus Pagoduliruiy finds, 
in accordance with the above rule (3), that the ribs on the outer surface 
of the shells are broader at the more southerly localities and narrower at 
higher altitudes. It is obvious that temperature (or speed of growth in 
connection with temperature) is the decisive factor in this variation, 
and not direct sun radiation or moisture, since these snails always live 
in the shade and in moist places. In some instances collections from the 
same localities, made one hundred years apart, were compared and 
showed no tangible differences. Knipper (1939) tested the rules estab- 
lished by Rensch on the Helicidae of southeastern Europe and found 
them confirmed. In regard to size variation he finds that each species 
seems to have, in its range, an ‘^optimal” district, in which the species 
reaches its maximum dimensions. These optimum districts are different 
for every species, because no two species are adapted to an identical set 
of conditions, some being xerophilous, others hygrophilous, some warm-, 
and some cold-adapted. Many alpine species reach their smallest dimen- 
sions near the upper altitudinal limit of their range. The lower limit of 
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distribution of such species is often determined by lack of humidity 
rather than by high temperature. Hence the maximum size is reached 
in such species near the lower limit of the range. The southern forms are 
generally larger in moisture-loving species than the northern forms, pro- 
vided there is enough moisture available. Exceptions are not rare, par- 
ticularly on islands where large-sized and small-sized races are found on 
neighboring islands. Knipper also tries to correlate climate with the fol- 
lowing other characters of shells (op. cit., p. 510): the size of the shell 
mouth, the presence or absence of teeth and hair, the form of the shell 
(proportion of length and width), the number of whorls, and so forth. 
Many of these correlations are but poorly established, particularly since 
the ecological background against which the races have developed is in- 
suflSciently known, and since it is probable that some of these variations 
are phenotypical. Kaltenbach (1936) examined the snails of post-glacial 
marl deposits covering the period from 20,000 b.c. to modern times. In 
many species there is a definite correlation between the size of the shells 
of a certain stratum and the climate of that period. Welch (1938) finds 
a definite correlation between altitude and both pigmentation and size 
in the Hawaiian snail Achatinella mustelina. 

Most species of animals have not yet been studied intensively enough 
to enable us to formulate definite ecological rules, even though certain 
adaptational correlations are obvious. Hubbs (1940a) points out that a 
very close correlation exists in fresh-water fish between environment and 
body form. Populations of the same species that live in swift waters have 
different shapes and growth forms than those of slow waters. It may be 
mentioned^ however, that in fish some of these differences seem to be 
purely phenotypical. Ambystoma tigrinum in Colorado are darker in 
higher altitudes (Myers 1939). Krumbiegel (1932, i936a,b,c) shows the 
rather close correlation between environment and characters in many 
species of Cardbus. It has not yet been possible to formulate definite 
rules on the basis of regularities in the size variation of cold-blooded 
marine animals (Rensch 1939b, Wimpenny 1941). 

The existence of additional ecological rules has been suspected, but it 
is not certain that the evidence is not merely the expression of pheno- 
typical modifications. It concerns the decrease of size with the decrease 
of salinity in certain marine animals, the reduction of the number of fin 
rays in warmer oceans, the numbers of caudals and ventralsin snakes, 
and so forth. The study of these ecological correlations and the estab- 
lishment of definite rules is such a new field that we may consider our- 
selves merely at the beginning of the work. 

All these ecological rules have exceptions, a point Rensch has empha- 
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sized again and again. While most birds and mammals grow larger in 
the more northerly parts of the range, there are some species which get 
smaller. If birds of higher altitudes differ in size from lowland popula- 
tions, they are generally larger. Rand (1936) found only one exception 
(Pitohui dichrous) to this rule among New Guinea birds. Rensch has 
worked out the number of exceptions statistically and has shown that 
they are under 25 percent for most of the ecological rules. 

In addition to the exceptions, in which the variation runs in the oppo- 
site direction to that expected on the basis of the rules, we also have 
numerous cases in which there is no variation at all, at least none that 
is connected with the rules. Dice (1939b), on the basis of careful meas- 
urements of a number of populations of Peromyscus mantculaius, found 
no consistent difference in size ^^between the stocks from the mountain 
forest, and those from the bunch-grass and sage brush of lower eleva- 
tion. Long skulls or long tails seem as likely to occur in stocks from arid 
habitats as in those from the mountain forest.” It may be mentioned, 
however, that in this case all the localities were within a radius of about 
one hundred miles and that even the forest was rather arid. 

There are not enough of these exceptions to invalidate the important 
ecological rules, which are of twofold value to the taxonomist. They help 
him in organizing his material and also prove the intimate correlation 
between environment and the characters of animals — in other words, 
they prove the existence of adaptation. 

It should be mentioned, to avoid misunderstandings, that these rules 
apply only to intraspecific variation. The larger individuals are favored 
in the colder parts of the range, according to Bergmann^s rule. This does 
not mean, however, that the largest-sized species will be concentrated in 
the arctic and the pigmies in the tropics. There are some definite ecologi- 
cal regularities which reach beyond the species level (white arctic spe- 
cies, metallic-colored tropical birds, and so forth), but nobody seems to 
have had the courage as yet to establish definite rules and to test their 
validity statistically. 

Clines 

Each population is more or less adapted, as we have seen, to the par- 
ticular environment in which it lives. Neighboring environments are 
similar, and we might therefore expect that neighboring populations 
would be similar in their external and internal characters. This has been 
found to be true in areas in which there are no striking environmental 
changes. In such areas, as for example in neighboring continental dis- 
tricts or on chains of islands, each local climate intergrades with the 
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neighboring ones to form one continuous gradient. It has also been 
found, as we would expect from these premises, that such morphological 
characters as tend to be correlated with climatic factors — as, for example, 
size, proportions, and pigmentation — show a similar and parallel gradi- 
ent. Huxley (1939) has introduced the term ''dine'' for such character 
gradients. The existence of dines, which has been known to the natural- 
ist for more than one hundred years, is a necessity, if we believe in the 
adaptive power of natural selection by the environment. Huxley has 
given a detailed and rather complete summary of the field, and it seems 
superfluous to cover the same ground. Clines have been studied in a 
number of additional recent works. Blair (1941) found that in the two 
spiecies of North American toads, Bufo fowleri and B. arnericanuSy a 
parallel dine exists for two characters, relative length of foot and amount 
of dorsal spotting. Five other measurable characters in these species 
show no indication of dine formation. Ticehurst (1938a) found dines 
affecting the shape of the wing in two eastern Asiatic species of war- 
blers. In both cases the northernmost race has the most pointed wing 
(Rensch's wing rule). In Phylloscopus proregulus the southernmost race 
(chlaranotua) has the second primary longer than the ninth in 9 percent 
of the individuals, in the intermediate race kansuensis in 37 percent, and 
in the northernmost race {proregulus) in 97 percent. In the species 
Phylloscopus trochiloides the respective figures for the equivalent three 
races are 12 percent, 68 percent, and 100 percent. 

The percentage of certain color phases in neighboring populations may 
also change in dinal progression. Southern (1939) showed this for the 
bridled form of the Atlantic murre. Cowan (1938) analyzed fur-trade 
data and found that the percentage of the dark forms in the black bear 
and red fox decreased from the humid and cold north (British Columbia) 
to the drier and warmer south. The data of seven stations are included 
in Table 6. 

Table 6 

Clinal Variation or Polymorphism 

CHANGE PROM 
NORTH TO 

8PBCIEB PHASE PERCENTAGE, BY STATIONS SOUTH 

12 3 4 6 6 7 

Black bear Brown phase 7 7 7 21 40 58 63 Increase 

Red fox Black phase 192514 6 8 3 i Decrease 

Cross phase 46 45 34 34 25 17 16 Decrease 

Red phase 35 30 52 60 67 8c 83 Increase 



96 


GEOGRAPHIC VARIATION II 


Very few dines have been studied in detail. Dice (1940c, 1941) ex- 
amined the dines which exist between two races of the deermouse 
(Peromyscus maniculatus) (Dakota, Nebraska). He found that there was 
no question about the general trend of the dine, but that this trend was 
often locally reversed. Krumbiegel (i936a,b) found the same to be true 
for several character gradients in Carahus. It is probable that dines 
represent only the averages of a fluctuating trend. 

Frequently the clinal character seems to be quite independent of en- 
vironmental gradients; it seems, rather, to indicate the gradual decline 
in the frequency of one of two alternative characters from the center of 
its distribution. A striking illustration of this kind of dine was given by 
Zimmermann (1935) for a certain tooth structure of a German mouse. 
Likewise it is difficult to see why the gradual decrease from the north 
to the south in the number of the bridled individuals (ringvia) in popu- 
lations of the Atlantic murre {Uria aalge) should have an adaptational 
significance (Southern 1939). In some of these cases it is not the propor- 
tion of several characters which changes in a regular manner, but one 
entire character. 

A particularly good case of this type of variation is presented by the 
Bird of Paradise of eastern New Guinea, where in the races of salvadorii- 
raggiana-interinedia-granti-augustaevictoriae the amount of yellow on the 
back increases and the intensity of red in the plumes decreases as we pro- 
ceed along this series of races (Fig. 13). Since the entire change of the 
back color occurs in the red-plumed birds, and the entire change of the 
plumes in the yellow-backed birds, it is probable that the two processes 
are largely independent of each other. The convergent development in 
several species of Draco also seems to belong to the category of nonadap- 
tive dines (Hennig 1936b). 

Similar character gradients, seemingly largely independent of en- 
vironmental gradients, are known to me in a number of tropical species. 
The interpretation of such cases would have to be based on the instability 
of certain genes and on the loss of alleles in the border populations 
of an expanding species. It is probable, however, that selective factors 
are involved to some extent, even in these cases. 

There has been some doubt concerning the evolutionary significance of 
dines. Goldschmidt seems to believe that geographic speciation is plau- 
sible only if species formation is correlated with dines. He says (1940: 
141): ‘The Darwinian incipient species makes sense, therefore, only if 
the track leading to specific differences is a continuation of the sub- 
specific dines. Otherwise any isolated population would potentially be 
an incipient species. The possibility expressed in the last sentence is, 
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of course, a fact, and this invalidates Goldschmidt argument. Indeed 
we might even go further than that. Clines occur most commonly and 
most typically where continuous series of populations are found, such as 
in unbroken continental areas. However, as soon as isolating factors 
appear, we encounter discontinuities, and the greater the distributional 



Fig. 13. Independent variation of two characters in Paradisaea apoda in New 
Guinea. A dine that is independent of environmental gradients. B = colora- 
tion of back. Bi = entire back brown, B2 = upper back yellow, lower back 
brown, B3 = entire back yellow. F = coloration of the plumes (flank feathers). 

Fi sa plumes red, F2 = plumes orange-red, F3 = plumes orange. Diagonal 
hatching indicates hybrid zones. (From Mayr 1940a.) 

discontinuities are, the more pronounced are also the irregularities in the 
character patterns. Clines indicate continuities, but, since species forma- 
tion requires discontinuities, we might formulate a rule which, in a way, 
is just the opposite to Goldschmidt's statement quoted above: The more 
dims found in a region j the less active is species formation. We can prove 
this if we compare regions in which dines are frequent with areas in 
which they are rare (Mayr 1940a). In continuous areas of temperate- 
zone continents, with numerous dines, there are far fewer signs of active 
species formation than in tropical archipelagos or other areas with in- 
sular species ranges. 

The significance of dines lies in a different field. The fact that neigh- 
boring populations respond accurately to the small climatic differences 
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that exist between their respective habitats indicates the extreme sensi- 
tivity of the process of natural selection. Moreover, the exact knowledge 
of dines in one species will often give the taxonomist valuable clues as 
to the kind of geographic variation he may expect in other species with 
similar ranges. 

Clines exist also in plants, as has been proven in a number of recent 
studies. The study of these gradients is, however, impeded by the fact 
that plants are of course strictly sedentary, and local conditions there- 
fore tend to obscure the more general trends. 

POPULATION STRUCTURE AND VARIATION 

The practical aims of taxonomy demand that the subdivisions of the 
species, where such exist, be well-limited and well-defined units. The 
picture of the species, as presented by the taxonomist, is, however, not 
necessarily a very accurate rendering of the situation as it exists in na- 
ture. It is merely due to the need of the museum worker to identify every 
individual and to place it in a definite pigeonhole. The species of the 
taxonomist, is like a jigsaw puzzle, consisting of a certain number of 
definite, clearly delimited, individual pieces. The species of nature is 
} usually much more complicated, and all the work that we have reviewed 
indicates that even the infraspecific categories, such as the subspecies, 
are by no means the final ^^atoms^^ of the species. They are still composite 
units consisting of small local populations, each of which diiffers notice- 
ably or statistically from other local populations. The taxonomist may 
be content with resolving the species into subspecies, but the student 
of speciation wants to go to the bottom of things, and this means a study 
of these basic populations. 

The most fundamental questions that present themselves during such 
an investigation are: What rules can be formulated relating to the 
changes from population to population? Are these changes gradual, or 
are there areas consisting of rather similar and uniform populations, 
bordered sharply by another region inhabited by populations with a 
different character combination? It would lead too far to review the en- 
tire pertjinent literature, but it is clear that it is necessary to study in- 
dividual traits in order to obtain a reliable answer to these questions. 
Such studies reveal that the character gradients are nearly always slop- 
ing (widespread uniform populations seem to be rare), but that these 
slopes tend to be considerably steeper along certain zones. The taxon- 
omist is likely to simplify such a situation and call an area of steepened 
slope a zone of intergradation between two uniform subspecies. Such 



GEOGRAPHIC VARIATION II 


99 


simplification may be justified in a purely taxonomic study, but it may 
lead to erroneous conclusions in a study of speciation. To begin with, 
the term intergradation is purely descriptive, meaning that two reason- 
ably distinct units come into contact and gradually merge in the area 
under consideration. The term intergradation reveals nothing as to the 
character of the intermediate populations or the history of the factors 
that caused the two units to diverge originally. This is the reason two 
different kinds of phenomena are consistently confused, in taxonomic 
literature, under the name intergradation, two phenomena which may 
be exceedingly similar in appearance, but which are the result of two 
entirely different biological processes. I call these two phenomena “pri- 
mary” and “secondary” intergradation. The time has not yet come when 
we can analyze every situation of intermediacy and label it as primary 
or secondary; in fact, even the definition of these terms must be consid- 
ered as entirely tentative, but we cannot hope to make any headway 
in this field unless we at least attempt a classification. 

Primary intergradation exists if the steepening of the slope developed 
gradually and took place while all the populations involved were in con- 
tinuous contact. 

Secondary intergradation refers to cases in which the two units, now 
connected by a steeply sloping character gradient, were separated com- 
pletely at one time and have now come into contact again.after a num- 
ber of differences have evolved. 

Primary intergradation in a mild form occurs, of course, almost any- 
where in the range of a species, since no two local populations are 
exactly identical in their genetic and taxonomic attributes. A taxono- 
mist speaks, in general, of a zone of intergradation only if he encounters 
regions with a , noticeable change in the populations. Such zones of 
fairly abrupt primary intergradation are quite frequent; they occur 
repeatedly in nearly every species, but little is known about their 
origin. It is possible that such a steepening of the slope can develop 
in a zone in which a particularly abrupt change of environmental fac- 
tors occurs. It is also possible that certain gene combinations (the 
“adaptive peaks” of Sewall Wright) have a much greater survival value 
than others and that an abrupt steepening of the character gradient may 
develop in the zone in which one balanced and successful gene combi- 
nation changes into the next one. The existence of zones of primary 
intergradation due to inferior gene combinations is, at present, entirely 
hypothetical. It is not known whether the slope in a zone of primary in- 
tergradation can become continuously steeper, up to the point where one 
species breaks into two. It seems unlikely, on the basis of our knowledge 
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of gene dispersal, that this would happen without other isolating mecha- 
nisms becoming involved. 

Zones of secondary intergradation, or zones of hybridization, as the 
I taxonomist prefers to call them, are also of frequent occurrence. They 
are generally recognizable by a high degree of individual variation. A 
more detailed discussion of these zones of secondary intergradation, 
which are caused by the elimination of a former isolating factor, will be 
presented in a later chapter (p. 263). 

The above picture applies only to continuous populations in conti- 
nental areas. Populations that are more or less strictly isolated from 
neighboring populations, as on islands or mountains, generally exhibit 
the following phenomena: 

1. The appearance of marked discontinuities in taxonomic characters, 
as compared to neighboring geographically representative populations. 

2. The development of aberrant traits, often of a nonadaptive char- 
acter, rare or absent in other parts of the range of the species. 

3. Increasing divergence of the isolated form, with increasing eflfec- 
tivc'iiess of isolation and decreasing population size. 

Numerous illustrations for these trends have already been quoted, 
in our discussion of geographic variation. A fuller discussion of the 
effects of geographic isolation on speciation will be given in a later 
chapter (p. i54fF.). 

Some additional phenomena of variation in relat^n to population 
structure may be summarized as follows: 

1. Populations are characterized by mean, maximum, and minimum 
values in the characters subject to gliding (intergrading) changes (size) 
and by percentage values of the proportions present of dimorphic or 
polymorphic characters. 

2. The various characters may vary independently from each other, 
that is, size may increase from one population to the next, while the 
pigmentation may remain constant, or the size may increase while the 
pigmentation decreases. Therefore: 

3. Neighboring populations agree in some characters and differ in 
others. 

4. Each population is composed of genetically different individuals 
(biotypes), and we therefore find, as we should expect from these prem- 
ises, that even the smallest subpopulations show slight statistical dif- 
ferences. 

5. Neighboring populations intergrade, unless separated by definite 
barriers which cause gaps in the distribution. 

6. Intergradation, as manifested by a change of characters from one 



GEOGRAPHIC VARIATION II 


lot 


population to the next, may be exceedingly gradual or it may be char- 
acterized by a sudden step, even where natural barriers are absent. 

7. Character changes frequently continue in the same direction over 
a series of populations; for example, each successive population of the 
same series may become darker or larger, or whatever the trend is. 

8. Many characters of local populations have clearly an adaptive 
value; others seem to be due to accidents of sampling. 

9. Some characters behave independently of such trends, showing a 
checkerboard type of variation. 

10. The characters of a population tend to be rather constant over 
considerable periods of time. This is valid for the statistical properties of 
quantitative characters, as well as for the proportions of meristic char- 
acters. 



CHAPTER V 


THE SYSTEMATIC CATEGORIES AND THE 
NEW SPECIES CONCEPT 


Linn-®us did a great service to taxonomy when he invented a definite 
terminology for the systematic categories and showed that they could 
be arranged in a graded hierarchy: species, genus, order, and class. Even 
though Linnseus recognized the variety as an infraspecific category, in 
exceptional cases, nevertheless the species was, for him, the basic cate- 
gory. His early species concept (1758) is t5rpified by the well-known 
sentence: Species tot sunt quot diver sas formas ab initio produzit infini-- 
turn Ens^ Linnaeus himself somewhat modified his views in his later 
writings (Ramsbottom 1938); still he adhered always to an essentially 
static and morphological species concept. The acceptance of the theory 
of evolution (1859) and the discovery of the wide occurrence of geo- 
graphic variation was bound to produce, sooner't)r later, a revolutionary 
change in the concepts of the taxonomist. The present chapter will be 
devoted to an investigation of this change and to an exposition of cur- 
rent ideas on the lower taxonomic categories. 

Before we can begin to define them, we must emphasize that, to some 
extent, all taxonomic categories are collective units. Even the sub- 
species is generally composed of a number of slightly distinct popula- 
tions, some of which connect it with neighboring subspecies. » Varia- 
bility and composite character are true for the species also, excepting 
only those with very small range. The genus is based on a group of more 
or less widely differing species, the family on genera, and so forth. The 
subgroups within one of these categories are not entirely equivalent and 
uniform. Nature is not as simple as that. Some of the subspecies of a 
species are more similar to each other than others, some species of a 
genus may be very similar, other species may be somewhat aberrant. 
The terminology of the taxonomist, designed for practical purposes, is 
always an idealization and represents the facts as simpler than they are. 
The nontaxonomist and the beginner among taxonomists will save them- 
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selves much trouble if they realize this situation fully. Not even the most 
extreme splitting will ever lead to completely homogeneous categories. 

Up to this point we have refrained from defining the term species or 
from saying what units the taxonomist distinguishes within the species. 
The reason for this delay is that no fruitful discussion of the species 
problem is possible without a full understanding of the problems of geo- 
graphic variation. The facts presented in the preceding two chapters 
make it apparent that it is wrong to conceive of the systematic units as 
something static. The words variation and evolution imply change, and 
only through a dynamic concept of the species and the other systematic 
categories can we hope to present the situation adequately. It is a curi- 
ous paradox that so many taxonomists still adhere to a strictly static 
species concept, even though they admit freely the existence of evolu- 
tion. 

Before we begin an analysis of the species criteria, we shall attempt 
to give a short survey of the terminology of the taxonomic categories. 
Such a survey is rather necessary, since in the course of years a vast and 
rather confusing terminology of systematic categories has developed. It 
seems as if every author who encountered some particularly difficult 
situation has tried to solve it by the introduction of a new term. These 
authors did not realize that no system of nomenclature and no hierarchy 
of systematic categories is able to represent adequately the complicated 
set of interrelationships and divergences found in nature. The fact that 
students of nearly every major systematic group (from bacteria to mam- 
mals) have developed their own set of terms has added to the confusion. 
n/ There are a number of recent books and papers available which trace 
the history of the various taxonomic concepts, and it would be mere 
repetition if I were to go over this field again. (See Du Rietz 1930, Cu 4 not 
1936, Rensch 1929, 1934, Robson and Richards 1936, Semenov-Tian- 
Shansky 1910, and Uhlmann 1923.) My own treatment will be rather 
selective and will consist in a discussion of only those concepts that are 
likely to have a continued importance in the field of zoological taxonomy. 

Let us begin with the infraspecific categories. 

INFRASPECIFIC CATEGORIES 

The species was the lowest category for Linnaeus. He used the term 
variety only very rarely, to signify some situation not fully understood. 
This term had no well-defined meaning and covered a multitude of sins. 
The use of the term variety was also correlated with the idea that only 
the type of the species was **typical.^^ Anything that differed from this 
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typical specimen was a 'Variety.” As our knowledge of the variation of 
animals grew during the nineteenth century, it became obvious that a 
number of unrelated phenomena had been thrown together under the 
single heading variety, and an effort was made by various authors to 
segregate them into their proper categories. The result of such efforts 
depended largely on the species concept of the respective authors. Those 
who cling even today to a strictly Linnsean concept of morphologically 
defined species consider every morphologically well-characterized popu- 
lation a distinct species and apply the term variety either to those popu- 
lations which are poorly characterized or to aberrant individuals or to 
phenotypical variants. The term variety is rapidly going out of use in all 
those taxonomic groups (such as birds, mammals, snails, certain insects, 
and so forth) in which a biological species concept prevails. In fact, most 
modern authors refuse altogether to employ the term, at least as a taxo- 
nomic category. If it is used at all, it is definitely applied to individuals 
and not to populations. It is, in other words, a term used for individual 
variants, such, for example, as a red-haired person in a brown-haired 
' population, or an unspotted butterfly (var. immaculata) in a spotted 
: species. 

Individual variants , — Some specialists of butterflies and other vari- 
able groups of insects, as well as of mollusks, seem to feel that the extraor- 
dinary variability of their material calls for a special nomenclatorial 
treatment. They therefore segregate the conspicuous variants within an 
investigated population into definite groups and give a special variety 
name to each of these groups. To illustrate this procedure, I might ap- 
ply it to human systematics. It would correspond to the procedure of an 
anthropologist who gave names, not only to the conventionally recog- 
nized human races, such as to Mongolians, Australian aboriginals, Pyg- 
mies, Negroes, and so forth, but also to red-haired, black-haired, brown- 
haired, blond-haired individuals, also to those with blue eyes or brown 
eyes, with straight, wavy, curled hair, of small or large stature, and so 
forth. In addition he would give special names to aberrations, that is to 
individuals which showed rarer deviations from the normal, such as 
harelip, clubfoot, birthmarks, and so forth. By applying this procedure 
to the species Homo sapiens^ it becomes obvious how absurd it is, and 
this is equally true for animals. The nomenclature of some genera of 
beetles, lepidoptera, and snails has become so top-heavy with names 
given to '‘varieties” and "aberrations” (individual variants), that the 
picture of the significant intraspecific variation and population structure 
has become completely obscured. 

To what degree the elimination of such variety names clarifies the 
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system may be illustrated by a few simple examples. The only subdivi- 
sions which Davenport (1941) recognizes in the latest revision of the 
species Coenonympha pamphilus are 5 geographically well-defined sub- 
species. Forty-six variety names, of which 35 had been coined by a 
single author, had to be put into the synonymy. An additional num- 
ber of 23 different aberration names had been applied to specimens 
of the same species. A sane, progressive taxonomist was thus able to 
reduce a chaos of 69 names to 5 subspecies. Davenport presents a well- 
reasoned statement as to why it is useless, if not misleading, to give 
names to all aberrations and hypothetical or real seasonal forms. Similar 
chaotic conditions exist in certain species of snails. 

A painstaking study of the banded snail Cepaea nernoralis led, in the course 
of time, to the establishment of 28 varieties and 180 subvarieties. . . . 
Even with this wealth of names available, the actual variability of the 
species was by no means exhausted by the 208 clasvses of varieties, since 
within every one of these band and color varieties there are individuals with 
shells that are relatively high or rather flat, that are large or small, that are 
smoother or rougher; there is also considerable variability in the color of 
the soft parts, in the anatomical structures, and so forth. [Rensch 1934: 289 f.] 

If somebody were to name consistently everything that is different, he 
would have to give a name eventually to nearly every single individual. 
This is, of course, exactly what some extreme authors have done. 

There are among birds a number of species with an individual vari- 
ability which is almost of the same extent as that found in inseccs. The 
common European buzzard {Buteo buteo), for example, has individuals 
which are almost uniformly brownish-black, others are of a uniform 
whitish or rufous underneath; some are heavily spotted underneath, 
others hardly at all ; the tail is sometimes with, sometimes without con- 
spicuous bars; these bars may be dark brown on a light brown back- 
ground, or dark brown on a rufous ground, or rufous on a whitish ground, 
and so on. An author with sufficient imagination could easily coin fifty 
names to take care of the various combinations of characters just men- 
tioned. However, it is known to the ornithologist that any two of these 
types may breed together and that they may occur among brothers and 
sisters in the same nest. A convention was therefore silently and wisely 
adopted among bird taxonomists not to name any of these variants, but, 
if necessary, to refer to them only in a descriptive way: “the blackish, the 
whitish, the rufous-banded one, and so forth."' 

Individual variants should be given vernacular names, not Latin 
names, which are to be reserved for the systematic categories. The Droso- 
phila geneticists have fortunately adopted this procedure for their mu- 
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tants {white, cut, bar, forked, and the like) and Gordon and Fraser (1931), 
in their terminology of individual variants of the fish PlaiypoedluB, have 
also chosen vernacular names {twin-spot, moon, crescent, comet, and so 
forth). Vernacular names are as clear as the Latin terms, and their use 
prevents confusion with subspecific names. 

The Subspecies. — The subspecies, or geographic race, is a geographically 
localized subdivision of the species, which differs genetically and taxonomi- 
cally from other subdivisions of the species. Every subspecies that was ever 
carefully analyzed was found to be composed of a number of genetically 
distinct populations. It is, in many cases, entirely dependent upon the 
judgment of the individual taxonomist how many of these populations 
are to be included in one subspecies. The limits of most subspecies are 
therefore subjective, and we can give only an empirical definition for 
this taxonomic category. For the sake of completeness, I shall add 
Rensch’s definition (1934): 

A geographical race is a complex of interbreeding and completely fertile 
individuals which are morphologically identical or vary only within the 
limits of individual, ecological and seasonal variability. The typical char- 
acters of this group of individuals are genetically fixed and no other geo- 
graphical race of the same species occurs within the same range. 

The taxonomist is an orderly person whose task it is to assign every 
specimen to a definite category (or museum drawer!). This necessary 
process of pigeonholing has led to the erroneous belief among nontax- 
onomists that subspecies are clear-cut units which can easily be separated 
from one another. Such situations exist occasionally, in regions where 
the range of the species is broken up into definite, isolated sections. But 
subspecies intergrade almost unnoticeably in nearly all the cases in 
which there is distributional continuity. In a long chain of populations 
we often find that every population is intermediate between the two 
neighboring ones, thereby connecting the two extremes. An additional 
complication is provided by the fact, mentioned in the last chapter, that 
the various characters of a subspecies tend to vary independently of one 
another. These practical diflficulties are encountered in every conscien- 
tious taxonomic study of geographic variation. A good description of it is 
given by Dice (1941) in regard to the intergradation among the sub- 
species bairdii, nebrascensis, and osgoodi of the deermouse Peromyscus 
maniculatus in western Nebraska, where the dividing lines among these 
three races are purely arbitrary. 

Subspecies are generally ignored in the lesser-known taxonomic 
groups, that is in orders and families in which the greater proportion of 
the species is still undescribed. Well-defined subspecies are given specific 
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rank in these same taxonomic groups. On the other hand, most of the 
taxonomic work of the specialist of better-known groups (such as birds, 
mammals, butterflies and snails) is devoted to the elucidation of the 
subspecies. In some of these groups, as for example Palearctic and Ne- 
arctic birds, even most of the “good’' subspecies are already described, 
and a phase of excessive splitting has been reached. New subspecies are 
described because the means of the measurements differ by a few per- 
cent or because there is a very slight difference in the tone of general 
coloration. The populations on which such “subspecies” are based are 
admittedly genetically^ different from others of the species, but to name 
them is impractical since it obscures rather than facilitates the pres- 
entation of the facts of intraspecific variation. A convention has there- 
fore been rather generally adopted among ornithologists that a group of 
populations may be described as a separate subspecies only if at least 
75 percent of the individuals can be determined accurately (as differing 
from previously described subspecies of the species). Irregular distribu- 
tion patterns force the adoption of large collective subspecies (see Caca- 
tua. Fig. 2). Some obviously distinct insect populations seem to be re- 
stricted to a single cliff or to a single field or to some other locality only 
a few hundred square feet in extent. It is not customary to provide 
scientific names for microsubspecies based on such small populations. 
Considerably more material must be examined, in order to recognize 
subspecies, than is needed for the description of good species. A single 
specimen or even part of one may prove the distinctness of a new species. 
The distinctness of a subspecies can often be proven only by the careful 
comparison or biometric analysis of large series from various parts of 
the range of the species. 

After having considered these practical aspects of the subspecies, we 
are faced with some questions of a more general nature concerning the 
properties of subspecies. The first question is: What is the criterion 
by which the subspecies can be distinguished from the species? We 
shall postpone a discussion of this question until after we have defined 
what we consider a species. The other question is: Is there only one kind \ 
of subspecies, the geographic race, or is there a second kind, the ecolog- i 
ical race? The answer to this question likewise will be postponed, so that 
it may be treated in its proper place (Chapter VIII). The terms sub- 
species and geographic race will be considered, in the meantime, as 
synonymous. 

The higher ccUegories , — The classifying taxonomist is not satisfied with 
an endless aggregation of equivalent species. He finds that some species 
are more similar to one another than others and that it is possible to 
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[ arrange all species in groups. Such groups, which include similar species 
I of supposedly common descent, are called genera. The genera can be 
further rearranged into similar groups. In short, it is possible to estab- 
lish a whole hierarchy of higher systematic categories. Linnseus rec- 
ognized only four categories — species, genus, order, and class, while the 
modern taxonomist has an almost unlimited number of such categories 
available — subgenus, genus, supergenus, tribe, section, subfamily, and 
so forth. We shall discuss the biological significance of these higher cate- 
gories in one of the later chapters (Chapter X). 

The neutral terms. — Rensch (1934) has emphasized with good reason 
that some terms must be reserved in systematic work, to be used in in- 
completely analyzed cases. The neutral terms which, in zoology, are used 
most frequently are:/orm, for a single unit, and group or complex j for a 
number of units. We often speak of a form when we do not know whether 
the systematic unit in question is, for example, a full species or merely a 
, subspecies of a larger species, or whether it is a subspecies or an individ- 
ual variant, or whether it is a subspecies or a phenotypical modification. 
We also use the term (in the plural) when we combine two unequal units; 
for example, in order to characterize the joint attributes of a species and 
a subspecies, we say ^ ‘these two forms.’’ 

The term group is most commonly applied to an assembly of closely 
related species of a genus. But it is also applied to subspecies in species 
with many subspecies. The common Palearctic jay, Garrulus glandarius, 
has a total of 41 subspecies, but they can be arranged in 8 groups, the 
garrulus group, the bispecularis group, and others (Stresemann 1940b). 
The term group is also used, although more rarely, to denote a number 
of closely related units in the higher categories, genera, for example. The 
word complex is frequently used synonymously with the term group. 

We are now ready, after having treated all the other categories, to 
discuss the most important one of all, the species. 

THE CHANGING SPECIES CONCEPT 

The methods and techniques of a field of science are often like the rules 
of a game. It was Linnseus’s principal service to biology that he estab- 
lished a set of rules by which to play the taxonomic game. Every spe- 
cies was, according to him, the product of a separate act of creation and 
therefore clearly separated from all other species. Groups of similar 
species were united in genera, and consequently each species was given 
two names, one to designate the species and one the genus. This is 
what we understand by binary and binomial nomenclature. It is a 



THE NEW SPECIES CONCEPT 


109 

system which is intimately connected with a static and strictly mor- 
phological species concept. The taxonomist who follows this concept 
sets up a number of standards (‘Types'’) to which he applies his spe- 
cies names. As he receives additional specimens from new localities, 
he compares them with his standards. If they are different, he describes 
them as new species, if they agree more or less, he unites them with the 
known species. A frank description of this “type method” was given by 
Bernard (1896:20): 

Certain striking and conspicuous specimens (or single specimens which have 
already been described by previous workers) arc selected as types, and the 
remainder are divided, according as, in the opinion of the individual worker, 
they approach one or the other of these favored specimens. The types are 
thus in the highest degree arbitrary and accidental, as is also, it must be 
confessed (though in a less degree), the selection of other specimens to be 
associated with them. 

This method of handling taxonomic material and of pigeonholing it in 
collections works well as long as only a few specimens are known in every 
species. It is therefore, with minor modifications, even today the dom- 
inant practice in all poorly known taxonomic groups (including many 
branches of paleontology). 

However, in the better-known groups, particularly in birds and but- 
terflies, certain troubles began to develop, in the course of the nine- 
teenth century, which shook the taxonomist out of his self-satisfied com- 
placency and forced him to revolutionize his methods as well as his 
species concept. This “revolution” has reached its final stages in certain 
groups, such as birds, while in other groups it has not yet even started. 
The reason for this change of the species concept was twofold: the dis- 
covery of variation and the drowning of the system in minute “species.” 
Let us look a little more closely at both of these phenomena. 

The existence of a certain degree of variation was already known to 
Linnssus, who commented on it repeatedly, particularly in his later writ- 
ings. As the number of zoological collections increased during the nine- 
teenth century and as ever-growing numbers of new localities were 
visited, more and more phenomena were discovered which could not be 
reconciled with a static species concept. Darwin, for example, was con- 
fronted by such an observation when he studied the finches (Geospizidae) 
of the Gal&pagos Islands, and it made such a deep impression on him 
that, as he himself declared, it became one of the primary motifs for his 
studies embodied in The Origin of Species, Wallace, who, at the same 
period, pursued his studies on the geographic variations of the mammals, 
birds, and insects of the Malay Archipelago, came to almost the same 
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conclusions as Darwin. The number of cases increased daily in which 
‘‘good^' species were found to be connected by intermediates or in which 
one species had slightly different attributes in different parts of its 
range. In other words, the study of the phenomena of geographic varia- 
tion, such as were presented in Chapters III and IV, showed clearly 
that a static species concept was no longer tenable and that it had to be 
replaced by a dynamic one. This change was hastened by the confusion 
caused by the species splitters. These authors took the morphological 
species definition as an excuse to describe as new species every popula- 
tion that was characterized by some morphological characters {Seculiar 
to itself. In fact, some authors carried this tendency to such an extreme 
that they named not only clearly characterized populations, but also 
those that differed merely in their means or extremes. This tendency 
eventually led to a vast accumulation of similar species in all the more 
common genera. Some of these ^^species^^ were closely related to one 
another, others seemed to be rather isolated. Some species seemed to be 
rather uniform throughout their range, others seemed to include dis- 
similar populations. Specimens were found with increasing frequency 
which had to be placed in ^‘species'^ a on the basis of one character and 
in “species” b on the basis of another character. It gradually became 
obvious that the set of rules which Linnaeus had given to the game of 
taxonomy had to be revised, or else the whole procedure of taxonomy 
would turn into a farce. 

By the middle of the nineteenth century the ornithologists were 
ready to consider such revision. The remedy for the shortcomings of the 
taxonomic species was, at first, a purely technical one and consisted in 
the introduction of the ternary nomenclature. H. Schlegel was appar- 
ently the first author (from 1844 on) to use trinomials consistently (even 
though hesitatingly) for geographic subdivisions of the species. This pro- 
cedure found, at first, little approval among the ornithologists of Europe, 
but it was eventually adopted under the leadership of the American 
ornithologists. Toward the end of the century it was quite customary to 
describe less distinct forms as subspecies, and particularly to reduce to 
the rank of subspecies all those “species” which were geographic repre- 
sentatives of other species with which they were broadly intergrading. 

The consistent employment of trinomials for such intergrading “spe- 
cies” had a very wholesome effect on the practical classification within 
the genera. It did away with a great many poorly characterized species 
and thus led to simplification and clarification. However, these practical 
advantages were more than counterbalanced by a theoretical difficulty. 

^ The Linnsean species was the lowest category, it was monotypic, it was 
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static, it was defined on a strictly morphological basis. None of these 
attributes was any longer entirely valid for the new polytypic species 
concept, as developed by the progressive students of birds, mammals, 
butterflies, and snails. We shall analyze this change in the species cri- 
teria in a later section of this chapter, and show how it affected the spe- 
cies definition. For the present, we shall merely consider how this change 
of ideas affected the species as a systematic category. 

Additional collecting and the study of geographic variation and dis- 
tribution led again and again to the discovery that geographically iso- 
lated species might be connected by intergrades with some other species. 
This necessitated the uniting of the two (or more) separate species into ^ 
one polyt3rpic species. There was, however, another group of “species^^ 
which were morphologically as close to some other species as the inter- 
grading ones, but which did not and could not intergrade because they 
were prevented by some geographic barrier from coming into contact 
with this neighboring species. Logical and consistent authors contended 
that such isolated (insular or mountain) species should also be included 
with the polytypic species to which they belonged, because the small- ' 
ness of the morphological gap indicated clearly that they would inter- 
breed with the geographic representative if they were not prevented 
from doing so by an entirely extrinsic factor, physical separation. This 
entirely logical reasoning led to the most useful of all the working hy- 
potheses in taxonomy, that of geographic representation (Kleinschmidt, 
K. Jordan). The basic idea is that the next relative of any species occurs 
usually in a more or less disguised form, in a geographically adjacent 
area. Such geographically representative forms are to be united into 
groups, the polytypic species or Rassenkreise of the moderjn workers. 

The change from the orthodox Linnaean species to the latest model of 
the polytypic species signifies a very striking evolution of the species 
concept of the taxonomist. The end members of this evolutionary series 
are just as different as those of an equivalent evolutionary series of 
an animal group. This poses a very serious problem for the taxonomist. 
There are now two entirely different kinds of species in practical use, 
the old-fashioned Linnaean one and the new synthetic polytypic species 
of the modern taxonomist. In spite of the common name ‘ 'species,” the 
two concepts are at least as different as the De Vriesian mutation is from 
that of the modern geneticist. 

Kleinschmidt (1900) was perhaps the first taxonomist to realize the 
full implications of this situation. He recognized that the new concept ' 
was something quite different from the species of Linnaeus and the post- 
linnaean authors and therefore proposed to give a new term, Formen- 
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kreis, to the new concept. He hoped to accomplish two things by the in- 
troduction of this new term: first, to emphasize the distinction between 
the new concept and the Linnsean species; and, second, to overcome the 
opposition to the new technique by those who refused to give up the 
species with its Linnsean connotation. Even an adherent of the Linnaean 
species could group these species into Formenkreise. Edeinschmidt him- 
self was the first taxonomist to make a consistent effort to establish such 
Formenkreise and to search the corners of the earth for possible geo- 
graphic representatives of every species with which he was working. It 
was his motto that of every species a ^'representative in disguise^' might 
be found almost anywhere. His papers on the peregrine falcons and 
gyrfalcons are instructive examples of this method. He would, for ex- 
ample, study the gyrfalcons of the Arctic region and then ask himself 
which falcon of central Asia, of the Mediterranean countries, of Africa, 
of North America was the "gyrfalcon in disguise’^ of such countries. 
Again and again he was successful in singling out one of the many species 
of Falco of the regions mentioned as the unquestionable relative and geo- 
graphic representative of the gyrfalcon. It is, of course, not always pos- 
sible or even desirable to call such representative species subspecies; 
the important fact is that most "species^ ^ (in the widest sense of the 
word) have a much more extensive range than is generally realized. 
Kleinschmidt^s method is unquestionably one of the most productive 
working hypotheses of taxonomy. 

To make a distinction between the terms species and Formenkreis was 
quite useful in the period during which the geographic species concept 
was struggling for recognition. The term Formenkreis itself had many 
weaknesses, to which Rensch (1929) called attention, the most serious of 
which was Kleinschmidt's singular ideas on evolution (1930). He ad- 
mitted ordinary organic evolution within each Formenkreis^ but insisted 
on the special creation of each of these major units. There is a curious 
parallelism between these ideas and Goldschmidt^s more recent ones 
(1940). Rensch therefore suggested replacing the term Formenkreis by 
Rassenkreisj a term which has gained considerable popularity among 
recent writers. Rensch makes a terminological distinction between spe- 
cies which break up into geographic races (Rassenkreis) and those which 
do not {Art), but this terminology has not found many adherents. 

, Another group of workers, led by Hartert and K. Jordan of the Roth- 
schild Museum in Tring, declined to accept any new terms. They in- 
sisted that the species of Linnaeus was an empirical (practical) concept 
and that the term could be retained, even if the concept was modified. 
In fact, both of these authors and their followers gave the species as 



THE NEW SPECIES CONCEPT 


1 13 

broad an application as Kleinschmidt his Formenkreis or Rensch the 
Rassenkreis, In the meantime, it was found, in well-worked groups of 
animals, that there are actually fewer species which do not break up 
into local races and subspecies than which do, and it was realized that 
Rassenkreise were not a special and rare kind of species, but rather that 
the majority of species were polytypic. The workers in ornithology have 
become so used to the fact that the specic^s is a group concept that most 
of them have now given up the term Rassenkreis^ since this is really 
merely another word for the species in its modern, revised meaning. 
Huxley (1940) has suggested that taxonomists make a distinction be- 
tween moriotypic species, that is, those which do not break up into races, 
and polytypic species, those which are composed of geographic races. 
Okland (1937) calls them uniform and multiform species. This distinc- 
tion may help to appease those workers who believe that the word spe- 
cies without qualification can apply only to the lowest taxonomic unit. 

SPECIES CRITERIA AND SPECIES DEFINITIONS 

The species has a different significance to the systematist and to the 
student of evolution. To the systematist it is a practical device designed 
to reduce the almost endless variety of living beings to a comprehensible 
system. The species is, to him, merely one member of a hierarchy of 
systematic categories. In his discussion of the species the systematise con- 
centrates on methods of distinguishing species from subspecies and from 
other species. A change in the species concept will have certain practical 
consequences, but it will not vitally affect his work. It is different with 
the student of the problems of evolution or, more exactly, with the stu- 
dent of speciation. To him the species is a passing stage in the stream of 
evolution. He studies the evolutionary level which is exemplified by the 
species; he wants to know whether the characters of the categories below 
and above the species differ in kind or in degree; he wants to know by 
what processes (genetic and ecological) a species becomes separated 
from others. In short, he is primarily interested in the dynamic qualities 
of species. A concise definition of the species is, for him, a necessity, be- 
cause his interpretation of the speciation process depends largely on 
what he considers to be the final stage of this process, the species. 

Many of Darwin^s followers, including most of the taxonomists of the 
old school, thought that the problem of species formation was solved 
when they found that intermediate forms connect what were formerly 
considered two perfectly distinct species. They concluded that species 
are transformed into new species as they spread into new areas. This com- 
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placent attitude was distinctly associated with the old morphological 
species concept and it reigned supreme until the new biological species 
concept began to replace it. Then it was suddenly realized by the more 
progressive systematists that those species between which they found 
intergradation were their own creations, and not biological units. As the 
new polytypic species concept began to assert itself, a certain pessimism 
seemed to be associated with it. It seemed as if each of the polytypic 
species (Rassenkreise) was as clearcut and as separated from other 
species by bridgeless gaps as if it had come into being by a separate 
act of creation. And this is exactly the conclusion drawn by men like 
Kleinschmidt and Goldschmidt. They claim that all the evidence for 
intergradation between species which was quoted in the past was actually 
based on cases of infraspecific variation, and, in all honesty, it must be 
admitted that this claim is largely justified. But there is one serioujs flaw 
in the arguments of Kleinschmidt and Goldschmidt : they fail to define 
what they consider a species. 

' If we do not want to fall into the same error, we must make an at- 
tempt at a species definition. In doing this we are confronted by the 
paradoxical incongruity of trying to establish a fixed stage in the evolu- 
tionary stream. If there is evolution in the true sense of the word, as 
against catastrophism or creation, we should find all kinds of species — 
incipient species, mature species, and incipient genera, as well as all in- 
termediate conditions. To define the middle stage of this series perfectly, 
so that every taxonomic unit can be certified with confidence as to 
whether or not it is a species, is just as impossible as to define the mid- 
dle stage in the life of man, mature man, so well that every single human 
male can be identified as boy, mature man, or old man. It is therefore 
obvious that every species definition can be only an approach and should 
be considered with some tolerance. On the other hand, the question: 
“How do species originate?'^ cannot be discussed until we have formed 
some idea as to what a species is. 

A second difficulty which confronts us in our attempt at a species 
definition is that there is, in nature, a great diversity of different kinds 
of species. Even if we do not consider such aberrant phenomena as the 
apomictic species in plants and the strains of bacteria, there is, even 
among animals, a great variety of different taxonomic situations which 
are generally classified as species. The question as to whether the species 
of birds, of corals, of protozoa, and of intestinal worms are the same 
kind of evolutionary phenomenon is entirely justified. Actually no 
answer can yet be given to this question, since most taxonomic groups 
are not yet sufficiently well known to have reached a stable species con- 
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cept. The species concept that prevails at the present time in any given 
taxonomic group depends more on the degree to which this group is 
known taxonomically than on any other factor (Doederlein 1902). It 
may not be exaggeration if I say that there are probably as many spe- 
cies concepts as there are thinking systematists and students of specia- 
tion. Dobzhansky (i94ia:372-374) has listed a good many of the recent 
concepts, and I have discussed some of them in a recent paper (Mayr 
1940a). However, all these concepts,, and the definitions that go with 
them, may be classified into four or five groups, of which I shall try to 
give a short characterization. 

The 'practical species concept. — Darwin said in 1859: “In determining 
whether a form should be ranked as a species or a variety, the opinion 
of naturalists having sound judgment and wide experience seems the 
only guide to follow.’* This is a species definition which would still find 
favor, in a slightly modified form, among a good proportion of the work- 
ing systematists of today. In its modern form this definition would read 
about as follows: “A species is a systematic unit which is considered a 
species by a competent systematist (preferably a specialist of the 
group).” 

Such a definition is eminently practical for taxonomic routine work 
and the element of judgment which it implies cannot be entirely ruled 
out of any species definition. On the other hand, it cuts the Gordian 
knot and is therefore quite unsuitable in a more theoretical discussion of 
the origin of species. Furthermore, it suggests that the species is an en- 
tirely subjective unit, which is not true, as we shall shortly see. 

The morphological species concept. — A concept based on the degree 
of morphological distinction is the typical species concept of the old 
systematics and is even today the only practical one in all those sys- 
tematic groups which are still in the descriptive or cataloguing stage. 
It is the species concept with which Linnaeus started the science of 
systematics in his Systema Naturae. It is, by necessity, the prevailing 
species concept of the paleontologist. The characters which the tax- 
onomist enumerates in his species diagnosis, such as structure, propor- 
tions, color patterns, and the like, are the conventional criteria used in 
the old systematics to define a species. “A species is a group of individ- 
uals or populations with the same or similar morphological characters.” 
The trouble with such a definition is that it does not delimit true species 
from subspecies below or genera above. The species, as such, has no 
morphological or structural attributes by which it can be distinguished 
from the next lower or next higher categories. Exactly the same features 
are used to characterize subspecies, species, and genera. What is used 
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as a generic or even family criterion in one group is only a subspecific 
criterion in another group or else it is of no systematic value at all, be- 
cause it indicates merely an age or a sex difference (see Chapter II, p. 
22). Furthermore, as we have seen, every “species character’^ is subject 
to geographic variation. 

The objection may be raised that it is not the kind of characters that 
separate subspecies, species, and genera, but the degree of difference. 
This actually is the criteri6n of a great many systematists : “A species 
is what can be separated on the basis of clear-cut, qualitative key-char- 
acters, a subspecies is characterized by quantitative differences and can 
be identified only by the actual comparison of material of the two stud- 
ied forms.” The practical consequence of such a viewpoint is that some 
unquestionably good species (sibling species) have to be called sub- 
species on account of their great similarity, while in other cases obyious 
subspecies have to be called species. There are many genera of birds, 
and the same is true for all groups of animals, in which it is impossible 
to identify perfectly good species with the help of a key. The distinguish- 
ing characters cannot be adequately expressed in words, even though 
they are quite obvious as soon as actual specimens are compared. The 
Indonesian cave swiftlets (Collocalia), New Guinea honey-eaters (Melt- 
phaga anaZoga-group), American flycatchers (Empidonax)^ and the 
white-eyes (Zosterops) may be mentioned in this connection. Additional 
cases will be quoted in the discussion of sibling species (p. 200). 

The exact opposite of this condition exists in certain families (for ex- 
ample Phasianidae, Paradisaeidae, Trochilidae) in which geographic 
races normally differ much more conspicuously than the good species in 
the previously mentioned families. Furthermore, in most polytypic 
species there is very little difference between neighboring races, but the 
peripheral forms are very distinct. Where should the line be drawn be- 
tween the quantitative and the qualitative differences? 

The most serious objection to a purely morphological species defini- 
tion lies, however, in the fact that fertility and crossability vary to some 
extent independently of morphological characters, and the latter are 
thus of no use in the all-important border-line cases. A morphological 
species definition (“degree of difference”) should therefore be applied 
only as a temporary and provisional expedient as long as no additional 
information is available (see below, p. 12 1). 

The artificiality of the morphological species concept becomes most 
apparent when we study isolated populations, such as are found on 
islands, mountains, or other segregated parts of the range of the species. 
Such populations may be, biologically speaking, inseparable from the 
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main body of the speciewS, and they may be completely fertile and with- f 
out any reproductive isolating piechanisms, but they may show some | 
peculiar morphological (and thus taxonomic) characteristics without 
intergrading (by individual variation) with the equivalent characters of 
the mainland population. Chapman (1924) has expressed admirably the 
biologists^ opinion on the treatment of such geographically isolated and 
morphologically distinct populations. On the question of how to classify 
them, 

the systematist to whom the fact of non-intcrgradation is a sufficient test 
replies ^'as species,” but I am convinced tliat it is often biologically incor- 
rect and misleading to follow this course. 

Is the Towhee of Guadeloupe Island any less a race of Pipilo maculatua 
because its range is insular and hence isolated? Is the Horned Lark of the 
Bogota, Colombia savanna any less a race of Otocoris alpestris because its 
range is separated from its nearest relative by all Central America? 

To rank these birds as species is, to my mind, not only biologically false, 
but it results in the adoption of a nomenclature which to an extent conceals 
their origin and relationships. 

Extremes of an intergrading series of subspecies are often much more 
different than these isolated populations. There is no reason to call the 
latter species if the former are considered subspecies. 

Some recent authors have attempted to refine the morphological 
criteria, in the belief that they had thereby evolved a superior type of 
species definition. The following definition of Wilhelmi (1940) may ^erve 
as a sample: ^Species' of helminths may be defined tentatively as a 
group of organisms the lipid free antigen of which, when diluted to 
1 14000 or more, yields a positive precipitin test within one hour with a 
rabbit antiserum produced by injecting 40 mg. of dry-weight, lipid-free 
antigenic material and withdrawn ten to twelve days after the last of 
four intravenous injections administered every third day.'^ In spite of 
its modern ring, this is basically a thoroughly old-fashioned morphologi- 
cal species definition, based on the degree of difference. 

The species and not the subspecies was to Linnaeus the lowest system- 
a:tic unit, as we have seen in the historical survey. Some of the adherents 
of the morphological species concept are consistent m their disciple- 
ship of Linnajus and follow him also in this respect. Kinsey (1937a), a 
well-known advocate of this concept, expresses it in the following 
words: 

Confusion will be avoided, if we call the basic taxonomic unit the species. 

It is the unit beneath which tliere are in nature no subdivisions, which main- 
tain themselves for any length of time or over any large area. The unit is 
variously known among taxonomists as the species, subspecies, variety, 
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Rasse or geographic race. It is the unit directly involved in the question of 
the origin of species, and the entity most often indicated by non-taxonomists 
when they refer to species. Systematists often introduce confusion into 
evolutionary discussions by applying the term to some category above the 
basic unit. 

Goldschmidt (1937) has already disputed some of these statements, 
in particular the claim that this lowest unit is the one which is “directly 
involved in the question of the origin of species.” In a recent paper I 
have discussed some of the other points (Mayr i94oa:252): 

It is not true that “there are in nature no subdivisions” below the species 
[of Kinsey], ^‘which maintain themselves for any length of time.” Actually 
every intermediate condition exists between “the effective breeding popu- 
lation” within a continuous array of populations and the subspecies which 
is completely isolated by geographical barriers. Recent genetic work 
(Dobzhansky, et al.) as well as Kinsey's own taxonomic work shows this 
quite clearly. Furthermore, the lowest category is not “the entity most 
often indicated by non-taxonomists when they refer to species.” When the 
layman or non-taxonomic biologist speaks of “the song sparrow,” he is not 
concerned with the numerous subspecies of this species, as for example the 
Atlantic, the Eastern or the Mississippian race. He means the total sum of 
all these races, or else, the particular local race wherever he meets it. 
Neither do we call the human races species, although they are the basic 
taxonomic units of Homo sapiens. 

Genetic species concept. — Lotsy (1918) and some other geneticists in 
the earlier parts of the century tried to establish a species concept on a 
purely genetic basis, with approximately the following definition: “A 
• species is a group of genetically identical individuals.” (“Chez les 
organismes k reproduction sexuelle, F^sp^ce peut done 6tre definie 
comme Tensemble de tous les individues homozygotes qui ont la mfime 
iconstitution h 4 r 4 ditaire”). We now know that not only all the subspecies 
I are genetically different, but also the populations within the subspecies 
(Dobzhansky for Drosophila pseudoobscuray Sumner and Dice for 
Peromyscus, Goldschmidt for Lymantria dispar, and so forth). In fact, 
except for identical twins, every individual in bisexually reproducing 
species is a different biotype. We take this for granted in regard to man, 
domestic animals, and cultivated plants, but it is, of course, equally 
true for all wild animals. Genetic distinction is not a species criterion, 
since it is a sine qua non condition. It is therefore an unnecessary em- 
bellishment in a species definition, unless some day natural populations 
are found that are genetically identical with others. The logical conse- 
quence of Lotsy^s definition is to consider as hybrids all individuals of 
sexually reproducing animals. Speciation is, then, by necessity associated 
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with hybridization. Lotsy^s species concept is thus the reason for some 
of his curious theories on speciation. 

Species concept based on sterility . — If two animals produce fertile off- 
spring, they usually belong to the same species, and, vice versa, if such 
matings are sterile, they generally belong to different species. It is not 
surprising, therefore, that the criterion of fertility is part of many mod- 
ern species definitions. “All forms belong to one species which can pro- 
duce fertile hybrids.'" Unfortunately, this statement is not at all true, 
there being numerous cases known in which good species have freely f 
produced completely fertile hybrids, while on the other hand a number 
of cases are known in which geographic races of one species exhibit re- 
duced fertility or are completely sterile. A species definition in which 
sterility is the principal criterion is therefore not acceptable, at least 
not for most groups of animals. It may be stated here, in all fairness, 
that some of the authors who speak of fertility and sterility have some- 
thing else in mind: crossability. Two animals (of different sexes) may 
meet in nature and never cross. The same animals, if given no other 
choice, may mate freely in captivity and produce completely fertile off- 
spring. Such animals are fertile, but not crossable. They are reproduc- 
tively isolated, but not sterile. This difference is of the utmost biological 
importance, but its significance has not been realized by many recent 
authors. 

The biological species definition . — Most of the species definitions up to 
1935 were based on static taxonomic units, without reference to their 
phylogenetic history. Dobzhansky (1937) I'hat a more adequate 
definition of the species would be possible by emphasizing the dynamic 
aspects of the species. He therefore defined the species as “that stage of 
the evolutionary process at which the once actually or potentially inter- 
breeding array of forms becomes segregated into two or more separate 
arrays which are physiologically incapable of interbreeding." This is an 
excellent description of the process of speciation, but not a species defini- 
tion. A species is not a stage of a process, but the result of a process. 
Dobzhansky's definition has, nevertheless, influenced subsequent spe- 
cies definitions, because it stresses the two basic elements of a biological 
species definition, the interbreeding of the populations that belong to 
the species, and the “reproductive isolation" (A. Emerson) against the 
populations, which do not belong to the species. Stresemann (1919:64) 
stated it in these words: “Forms which have reached the species level 
have diverged physiologically to the extent that, as proven in nature, 
they can come together again without interbreeding." The most impor- 
tant aspect of the biological species definition is that it uses no artifi- 
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cial criteria, but decides each case on the basis of whether certain organ* 
isms behave as if they were conspecific or not. A straight biological 
species definition would be ideal, (i) if sufficient information were avail- 
able about all species and (2) if all species were in spatial contact with 
the next related ones during their breeding season. All the difficulties of 
the taxonomist would disappear if these two conditions were fulfilled, 
but it is an impossible demand, since ‘‘continuous spatial contact^^ is 
incompatible with isolation and, as Romanes said (with some exaggera- 
tion), “without isolation or the prevention of interbreeding, organic 
evolution is in no case possible. 

A biological species definition, based on the criterion of crossability 
or reproductive isolation, has theoretically fewer flaws than any other. 
In practice, however, it breaks down just as quickly. Like them, it is not 
applicable to the isolated forms, and these are the really important ones. 
As long as populations are in contact with one another, it is generally 
not difficult to arrive at a decision as to whether or not they are con- 
specific; the isolated forms are the ones that puzzle us. 

A practical species definition, and this is after all what the taxonomist 
wants for his work, will have to compromise by combining the criteria 
of several species concepts. I have recently {Mhyr 1940a) proposed the 
following formulation: 

A species consists of a group of populations which replace each other geo- 
graphically or ecologically and of which the neighboring ones intergrade or 
interbreed wherever they are in contact or which are potentially capable 
of doing so (with one or more of the populations) in those cases where con- 
tact is prevented by geographical or ecological barriers. 

Or shorter: Species are groups of actually or potentially interbreeding 
natural populations, which are reproductively isolated from other such 
groups. 

As can be seen from these definitions, it is necessary in the cases of 
interrupted distribution to leave it to the judgment of the individual 
systematist, whether or not he considers two particular forms as “po- 
tentially capable” of interbreeding — in other words, whether he considers 
them subspecies or species. This is necessary, because it is often impos- 
sible, for practical reasons, to test to what extent reproductive isolation 
exists. The life of a Drosophila individual is very short. A population of 
Drosophila melanogaster of the year 1942 is reproductively isolated from 
a Drosophila melanogaster population of the year 1932 by a complete 
time barrier. Still, nobody would call them two different species. The 
same is true (to a slightly less absolute degree) for many geographically 
isolated populations. They may be reproductively isolated by a geo- 
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graphic barrier, but still they are not necessarily different species. 
Reproductive isolation is thus an immediate, practical test only for sym- 
patric,^ synchronically reproducing species. The conspecifity of allo- 
patric^ and allochronic forms, which depends on their potential capacity 
for interbreeding, can be decided only by inference, based on a careful 
analysis of the morphological differences of the compared forms. This 
does not mean that I am retracing my steps and now propose to accept 
a morphological species definition; no, it means simply that we may 
have to apply the degree of morphological difference as a yardstick in 
all those cases in which we cannot determine the presence of reproduc- 
tive isolation. To use this method in doubtful cases is justified for the 
following reasons. If we examine the ''good^^ species of a certain locality 
we find that the reproductive gap is associated with a certain degree of 
morphological difference. If we find a new group of individuals at a dif- 
ferent locality, we use the scale of differences between the species of the 
familiar area to help us in determining whether the new form is a dif- 
ferent species or not. These scales of differences are empirically reached 
and differ in every family and genus. An ornithologist knows by experi- 
ence that the differences between good species of Empidonax and Col- 
localia are much slighter than the differences between male and female 
or between subspecies in birds of paradise or humming birds. The im- 
portant point is that the biological gap between species (reproductively 
isolated groups) is, in general, correlated with certain morphological dif- 
ferences. This correlation, which naturally has exceptions like every bio- 
logical phenomenon, permits the experienced taxonomist to determine 
in many cases whether to describe a new form as a new species or a sub- 
species, even though he knows nothing about its biology. When such 
information becomes available at a later period, it nearly always con- 
firms the judgment of the competent taxonomist. To the adherent of a 
morphological species concept, any clear-cut morphological difference 
is a species difference. To the supporter of a biological species concept, 
the degree of morphological difference is simply considered as a clue to 
the biological distinctness and is always subordinated in importance to 
biological factors. 

The application of a biological species definition is possible only in well- 
studied taxonomic groups, since it is based on a rather exact knowledge of 
geographical distribution and on the certainty of the absence of inter- 
breeding with other similar species. It seems to work well not only in 
birds, but in all bisexual animals (vertebrate and invertebrate). There 
is, however, some question as to whether this species definition can also 

^ bee p. 148 for a definition of these terms. 
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be applied to aberrant cases, such as the mating types of protozoa, the 
self-fertilizing hermaphrodites, animals with obligatory parthenogenesis, 
and certain groups of parasites and host specialists. A much more in- 
timate knowledge of the taxonomy and biology of the doubtful groups is 
needed before this point can be settled. The known number of cases in 
which the above species definition may be inapplicable is very small, 
and there seems to be no reason at the present time for ^ Catering"' our 
species definition to include these exceptions. It will always be possible 
to add supplementary clauses, should a need for them arise. 

The Plant Species 

It is also doubtful whether this species definition applies equally well 
to plants. Plants differ from animals in a number of highly important 
biological attributes. An animal can move around, while a plant is fixed 
to one spot from the moment of the germination of the seed to its death. 
In consequence, fertilization is a more or less mechanical process in 
plants, and, since the pollen is generally transported by wind or insects, 
‘^mistakes’^ are frequent, that is hybrids are common in nature. The 
possibility of such mistakes is largely eliminated in animals by the 
development of courtship patterns and by other means, described in 
Chapter IX. Still, even in plants, fertilization is not entirely a mechan- 
ical process, as Dr. Anderson points out. Polyploidy, apogamy, and sym- 
patric hybrid swarms are phenomena which are common in plants and 
unknown, or at least decidedly rare and unimportant in animals. The 
''small species” (jordanons) found among plants do not seem to have 
an exact homologue in animals either. 

Compared with all these other modes of speciation, geographic specie 
tion does not seem very important in plants. In fact, there are many 
botanical taxonomists who even today pay no attention to geographi 
subspecies. A study of various works on plant taxonomy has convinced 
me, however, that there are many genera the classification of which 
would greatly benefit by the introduction of a polytypic species concept, 
based on the criteria of geographic distribution. The revisions of the 
North African species of Biscutella (Manton 1934), of the species of 
Selenia (Martin 1940), of most of the Spanish species of Antirrhinum 
(Baur 1932), and many species groups in Calochortus (Ownbey 1940) 
are a few recent pieces of work which have come to my attention and 
which might be quoted in this connection. 



CHAPTER VI 


THE POLYTYPIC SPECIES, IN NATURE 
AND IN SYSTEMATICS 


We have learned in the preceding chapter that a revolutionary change 
of the species concept is in the making, a change which not only affects 
taxonomic procedure, but which also contributes considerably toward a 
better understanding of the speciation process. Our findings were largely 
based on the rather small field of bird and butterfly taxonomy, and on 
selected examples at that. A number of questions will have to be an- 
swered before we can recommend, without reservation, the broad ap- 
plication of the new concept. Such questions are; 

1. How prevalent are polytypic species? 

2. Does the new concept really contribute toward a simplification of 
the taxonomic system and procedure? 

3. Is the new species concept applicable in all animal groups? 

4. To what extent has the new species concept already been applied 
in animal taxonomy? 

Let us see what information we have in answer to these questions. 

The Prevalence of Polytypic Species 

Some of the previous discussions may have fostered the impression 
that all species break up into geographic races. On the other hand, a 
considerable number of authors claim even today that, at least in the 
groups in which they are working, geographic variation is an exceptional 
phenomenon, if not altogether absent. It seems necessary, in view of 
this apparent discrepancy, to undertake a survey of some of the better- 
known families and genera and determine exactly how many species are 
polsrtypic and how many monotypic. Naturally, in making such a survey 
one is at once confronted with the differences in the species concept 
among the various groups. Such a survey of the New Guinea birds, if 
undertaken in 1850, would have resulted in the statement that only 2 
percent of the species are polytypic; the same survey repeated in 1941 
shows that fully 80 percent of the species are polytypic. Kinsey’s (1937b) 



124 


THE POLYTYPIC SPECIES 


claim that geographic variation is not a widespread phenomenon, since 
only 5 local races (or 3.2 percent) are found in 158 insular species of 
gall wasps, does not carry much weight. Goldschmidt (1937) and others 
have pointed out that most of Kinsey’s insular ‘ 'species” are nothing 
but members of widespread polytypic species and that they strengthen 
rather than weaken the concept of the polytypic species. 

The attempt in Table 7 to determine the percentage of monotypic 
species in various groups of animals must be taken merely as an approx- 
imation, since absolute accuracy cannot yet be reached, owing to the 
divergence of the species concepts. The basic figures in this tabulation 
were provided by Rensch (1933), but they have been rearranged and 
augmented by me. 


Table 7 

The Prevalence of Monotypic Species in a Number of Groups op 

Animals 



total 

NUMBER 

PERCENT 


NUMBER 

MONO- 

MONO- 

systematic group 

OF SPECIES 

typic 

TYPIC 

European Mammals (Miller 1912) 

196 

145 

75.8 

N. Ainer. Mammals (Miller 1924) 

1,364 

995 

73 0 

European Mammals (Okland 1937) 

168 

92 

54.7 

Clausilia Snails (Rensch 1933) 

37 

21 

56.8 

Eiiropean Kept Mes 1 ( Merfeii<; find 

91 

48 

52.7 

Ell ropes n Amphibia J Muller 1928; 

37 

19 

51.8 

Cypraea Sea Shells (Schilderand Schilder 

1938) 165 

81 

49. I 

Indo-Austr. Butterflies (Jordan ei al. 1927) 695 

283 

40.7 

Palearctic Passeres (Hartert 1923) 

522 

197 

37.7 

Palearctic Passeres (Hartert 1936) 

516 

153 

29.7 

New Guinea Passeres (Mayr 1941a) 

309 

64 

20.4 

New Guinea Non-Passeres (Mayr 1941a) 

240 

47 

19.6 


. Two obvious conclusions can be drawn from this tabulation. The first 
is that a certain number of species are definitely monotypic. There is 
very little chance that future discoveries or changes in our species con- 
cept will materially reduce the number of monotypic species of New 
Guinea birds now set at iii. These species either have such a small 
range that within it there is no opportunity for geographic variation or 
else they are exceedingly stable for some reason which is still unknown 
to us. Such species, with very limited geographic variability, seem to 
exist ill most groups of animals. The second conclusion which we can 
draw from these figures is that the percentage of monotypic species re- 
corded in a certain group at a given period depends to a considerable 
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extent on the degree of finality which the classification of the respective 
group has reached. The figure dropped in Palearctic song birds (Pas- 
seres) from 38 to 30 percent within thirteen years. In European mam- 
mals it dropped in twenty-five years from 76 to 55 percent, and there 
is every reason to believe that a considerable further drop is to be ex- 
pected in the next tabulation. Birds seem to have the highest prevalence 
of polytypic species, according to the present figures, but this is due 
merely to the more advanced condition of avian taxonomy. Some 
poikilothermal animals, such as certain insects and most snails, being 
more sedentary and more dependent on their local environment than 
birds, seem to have many more subspecies per species and per unit of 
area than birds. No actual comparative figures can yet be given to sub- 
stantiate this claim, but one needs only to look at a distribution map 
of some polytypic species of snails, gall wasps, bumblebees, or carabid 
beetles and compare it with a distribution map of a species of birds 
from the same region to appreciate the truth of the above claim. 

A few figures from recent monographs may be appended as additional 
illustrations. No finality of classification has yet been reached in the 
warbler genus Phylloscopus (Ticehurst 1938a). At present, 30 sp)ecies 
with 67 geographic races are recognized, but 4 of these species are prob- 
ably only subspecies. Even so, 39 percent of the species are monotypic, 
although among the polytypic species of this genus one has 6 and one 
has 8 races. In the butterfly genus Coenonymphay Davenport (1941) 
recognizes 17 species, of which ii are monotypic, while one species 
(tullia) has no less than 31 geographic races. The number of ii mono- 
typic species in this genus will eventually have to be reduced, since it 
includes several geographic representatives. Only such forms are recog- 
nized by this author as subspecies as intergrade either in space or by 
individual variation. The same is true for a revision of the genus Heli- 
cigona by Knipper (1939), in which 53 monotypic and 18 polytypic spe- 
cies are listed. Pachycephala pectoralis from the East Indies and the 
Papuan and Australian regions seems to be the polytypic species of bird 
with the highest number of races; no less than 80 subspecies are recog- 
nized. 

The conclusion from this evidence is that a high proportion of the 
species in the well-worked animal groups have been found to be poly- 
t3rpic, but that a certain percentage of species does not break up into 
distinct geographic races. 

The Simplification of Taxonomy 

The Linnsean species was the lowest category; it was monotypic and 
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could be defined on a strictly morphological basis. These attributes are 
considered great virtues by many taxonomists, who believe that no 
practical advantage would be gained by accepting the biological species 
concept. Such a claim cannot be upheld if we look at the better-known 
groups of animals (see above, Chapter V, p. no). It is not only possible 
to present a much truer picture of relationships by calling geographic 
races subspecies rather than species, but it also leads to a considerable 
simplification of the system. Rensch (1934) has described very graphi- 
cally, by means of a specific instance, how classifications were simplified 
by the introduction of the polytypic species concept: 

Nineteen different species and one subspecies of the bird genus Sitta (nut- 
hatch) had been described from the Palearctic region between 1758 and 
1900. ... All these species differed in size, color, proportions of bill, tail, 
wings, construction of the nest, etc. No intergradation was known among 
these forms. The areas of origin were different in most cases but some 
species also lived in the same region. The taxonomy of the Palearctic StUa, 
thus, was clear and unequivocal. With the increasing exploration of the 
Palearctic, more and more forms of Sitta became known whose classifica- 
tion proved to be more difficult. These forms were still rather distinct but 
they were so close to named species that they were considered to be merely 
subspecies or varieties of these. Thus Reichenow (1901) described a form 
caucasica which he considered to be a subspecies of the central European 
cocsta, while Wither by (1903) considered his new form persica to be a sub- 
species of the north European europaea. But there was no reason why one 
should not have made caucasica a subspecies of europaea instead of coesia, 
the more so as a superficially very similar form S. europaea britannica had 
been described by Hartert (1900). The species concept thus became vague; 
the specialists were no longer in agreement as to how to delimit Sitta euro^ 
paea with its subspecies against S. caesia with its subspecies. Similar diffi- 
culties appeared with other species of Sitta and it seemed as if the increase 
in material would lead to chaos in nomenclature, particularly since a grow- 
ing discrepancy developed between the species definitions of the various 
authors. 

Chaos would certainly have prevailed if one had retained the old ideas 
concerning species. It was more than a coincidence that in this critical epoch 
a new school of thought appeared in ornithology which soon began to be- 
come dominant under the leadership of O. Kleinschmidt and E. Hartert. 
They put the study of the geographic distribution of the various forms into 
the foreground and they searched systematically for forms which were both 
morphologically and geographically transitional between two ^^species.^' In 
the case of the forms of Sitta it was possible to unite thus not only persica, 
britannica, and other races, but also the central European caesia, with the 
species europaea. The difference of opinion, mentioned above, was thus re- 
moved: caucasica was a geographical representative of caesia as well as of 
europaea. In this way many ^^species'^ were combined into groups of forms, 
mutually replacing each other geographically, — so called geographical ras- 
senkreise. . . . When E. Hartert began (1904) publication of ^Y 5 gel der 
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palaarktischen Fauna” he was able to simplify the chaos of twenty-four 
known Sitia species into four rassenkreise, leaving three isolated species. 
The number of geographical races has still increased since then and today 
the rassenkreis Sitia europaea alone contains twenty-six geographical races 
(without the contested ^‘subtilrassen”). 

Taxonomy thus has become definite again: the new “large species,” i.e. 
the geographic rassenkreise, are clearly defined, are natural units. There are 
no transitions from one rassenkreis to another one: the rassenkreis Sitia 
europaea extends across the whole of the Palearctic region. All of its races 
(which are usually connected with each other by gliding intergradation) are 
distinguished from the races of the rassenkreis neumayer (which is distrib- 
uted from the Balkans to Baluchistan) by chestnut-colored flanks in the 
male, or from the races of S. canadensis by the lack of a black crown, etc. 
[Rensch 1934:7-9, from Goldschmidt 1940]. 

Ornithologists have revised, in the same manner, genus after genus 
with a corresponding simplification. What is now a single polytypic spe- , 
cies, Zonotrichia capensisy composed of 23 geographical races, consisted | 
formerly of 8 separate species (Chapman 1940). In 1910 was published ‘ 
the last complete list of all birds, recording 19,000 species of birds. Since 
that time about 8,000 additional forms have been described, but they 
are now arranged in 8,500 species, many of which are pol3rtypic, instead 
of in 27,000 species. The total number of species to be memorized by the 
taxonomist has thus been cut by two-thirds. The practical advantage 
of this simplification is so obvious that nothing more needs to be said. 
The scientific advantage of the method is that the species has become 
once more a uniform and unequivocal concept, instead of a mixture of 
two different categories, true reproductively isolated species and mor- 
phologically distinct geographic races. 

The Occurrence of Geographic Variation throughout the Ani- 
mal System 

The pol3rtypic species concept is based on the principle of geographic 
variation; it can therefore become of importance only if geographic varia- 
tion is widespread among animals. The same is true for geographic spe- 
ciation, a process which depends on geographic variation. We have 
quoted in the preceding chapter cases of geographic variation in 
mammals, birds, frogs, butterflies, turbellarians, and a few other 
groups, but the task remains of making a complete survey of all orders 
and classes of animals, in order to find out exactly in what animal groups 
geographic variation is found and to what extent it is absent. Such a 
survey, however, is possible only if we apply a uniform terminology to the 
lower taxonomic categories. It is obvious, for example, that an author 
might deny the existence of intraspecific geographic variation if he calls 
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the species the lowest recognizable unit. He would simply divide every 
species into two, as soon as he found that it contained two recognizable 
geographic races. 

Rensch, in 1929, made the first systematic survey of the occurrence 
of geographic variation. During the last twelve years geographic vari- 
ation has been found to occur in many additional groups. The main 
difficulty cf an even more general application of the geographic principle 
lies in the fact that the species in many animal groups are known from 
such few specimens and localities that it is impossible in many cases to 
be certain whether two similar “species^ ^ from different localities are 
really good species or merely geographic races. 

It is now certain that at least some species with geographic variation 
occur in all groups of terrestrial animals that have been sufficiently 
studied. More and more cases of geographic variation have recently beeD 
reported in marine animals, including even such ancient groups as th< 
brachiopods. As a whole, of course, marine animals apparently show 
little variation in space, but this seems to be due primarily to our in- 
suflScient knowledge. The so-called cosmopolitan species appear to con- 
stitute another exception to the prevalence of geographical variation. 

Certain species seem to extend from one end of the earth to the other 
without any noticeable change. This is sometimes due to insufiScient 
taxonomic analysis, for in birds, for example, nearly all the cosmopoUtan 
species are now known to break up into geographic races. Sometimes 
these widespread species are not naturally cosmopolitan, but owe their 
present wide distribution to human assistance. In still other cases, and 
this is particularly true for certain marine forms, the species are known 
to be very old (on paleontological evidence) and seem to have lost all 
evolutionary plasticity. They may be **dead-ends^^ of evolution. There 
are also the cases of very small organisms (certain protozoa, rotifers, 
and so forth) that owe their wide distribution to wind dispersal. Whether 
or not they are able to speciate without geographic variation will be dis- 
cussed later (Chapter VIII). And finally there are forms with aberrant 
methods of reproduction, such as obligatory parthenogenesis and self- 
fertilizing hermaphroditism, which may speciate instantaneously, in- 
stead of through geographic variation. 

The Practical Application of the Polytypic Species in Modern 
Animal Taxonomy 

The polytypic species principle has been employed more consistently 
in birds than in any other group of animals. This is not surprising, when 
we realize not only that more than 98 percent of all species probably 
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existing are known and described, but that even subspecific variation has 
been well studied in most species and that the ranges of the various sub- 
species are mapped in detail. The primary reason that the polytypic 
species has not been adopted more generally by the specialists of other 
groups is the lack of material or of distributional information. Many 
species of spiders, insects, and so forth, are known from single specimens 
or from a single sex, or, if series are available, they come from localities 
that are separated by hundreds or thousands of miles of unexplored ter- 
ritory. Modern systematic methods cannot be applied to such inadequate 
material. 

The transition from a purely morphological to a more biological spe- 
cies concept was a slow and gradual process, even in ornithology. It 
started about the middle of the last century and was more or less com- 
pleted by 1930. In other, less well-known taxonomic groups, stages of 
this transition have now been reached (1942) which correspond to the 
ornithological species concepts of 1910 or 1890 or i860, according to the 
degree of completeness to which the geographic variation is known. In 
the period during which the shift is made in a taxonomic group from one 
species “model’ ^ to the next, there is, of course, considerable uncer- 
tainty among the workers as to what forms to call species and what 
subspecies. This is well illustrated in the case of the birds occurring on 
the large island of New Guinea (Mayr 1941a). 

The New Guinea bird fauna comprises a total of 649 species with 
1,018 subspecies (not counting the typical race of each species). If we 
arrange these 1,018 forms according to the period in which they were 
described, we can see a steady decrease in the percentage of those that 
were originally described as species. 


Table 8 

History of Subspecies Concept as Illustrated by New Guinea Birds 


TOTAL NUMBER 

OP 

PERIOD SUBSPECIES DESCRIBED 

ORIGINALLY 

DESCRIBED AS 

FULL SPECIES 

THE PERCENTAGE OF 

SUBSPECIES ORIG- 
INALLY DE- 
SCRIBED AS SPECIES 

1758-1869 

143 

140 

97-9 

1870-1889 

216 

194 

89.8 

1890-1899 

II3 

84 

74.7 

1900-1909 

57 

14 

24.6 

I9IO-1919 

124 

31 

25.0 

1920-1929 

46 

1 

I . 2 

1930-1941 

319 

I 

0.3 

Total 

1,018 

465 

45-7 
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Table 8 illustrates the changing species concept in ornithology better 
than anything else could do. Up to 1870 most geographic races were con- 
sidered species; the change was made between 1870 and 1919, and since 
1920 nearly all geographic races have been described as subspecies. In 
all, no less than 465 forms that are now considered subspecies were 
originally described as species. 

The student of spiders may still (1942) have the species concept 
which the ornithologist had in 1880, and the student of weevils that of 
the ornithologist of 1900. This is one of the difficulties which we en- 
counter when we want to compare the ‘ ^species’ ^ of one systematic group 
with the species of another. Other difficulties are provided by ecological 
factors, as we shall see in a later chapter. There are certain conventions 
in every field, and, even though the worker in one systematic group may 
know exactly what is meant in his group by a ‘ ^species, he may have 
but little knowledge and understanding of the * ^species'’ of other groups. 

The present mature status of classification of birds into species and 
subspecies was reached only by the trial and error method. Some au- 
thors in their enthusiasm over the geographic principle, insisted on in- 
cluding all geographic representatives of common ancestry in wide 
polytypic species. The result was frequently quite absurd. According to 
this principle, all the Birds of Paradise of the genus Paradisaea (with the 
exception of the two mountain species guilielmi and rudolphi) would 
have to be reduced to subspecies. The composite species would contain, 
at least in this case, true geographic representatives. In other cases not 
even this was true. In their eagerness to apply the new ideas, some 
authors reduced to subspecies even widely overlapping species {Mdir 
phaga, Collocaliaj Edolisoma) or else they included mountain and low- 
land species in the same species, and so forth. Most dangerous is the 
attempt to try tp base the new classification simply on published locality 
records, without actual comparison of the material. Wherever the poly- 
typic species principle, based on geographic representation, is for the 
first time applied in a group, some authors go too far, as a few ornitholo- 
gists did in the years 1920-1932. A healthy reaction will, however, soon 
set in and help to establish a balance. 

THE APPLICATION OF THE POLYTYPIC SPECIES CONCEPT 
IN VARIOUS TAXONOMIC GROUPS 

Rensch has made a number of surveys (1929, 1933, 1934, 1939a) on 
the application of the polytypic species in modern zoological writing. 
It would be useless repetition to cover the same ground again, but I 
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advise those who are interested in this subject to consult not only 
Rensch^s original papers, but also the summaries of Cu6not (1936), 
Dobzhansky (1941a), Goldschmidt (1940), Huxley (1940), and Robson 
and Richards (1936). We shall rather concentrate on those recent taxo- 
nomic works that have not yet been reported in the above-mentioned re- 
views. Furthermore, our presentation will not be very exhaustive, since 
it is impossible for the specialist in one particular taxonomic field to keep 
track of the publications in all the other fields. The extreme scattering 
of taxonomic zoological literature and the absence of review journals 
devoted to speciation or of any journal, with the possible exception of 
the Archiv fur Naturgeschichtey that is entirely devoted to general system- 
atica, makes serious omissions unavoidable. The interest of the taxon- 
omist in questions of speciation and general systematics has reached 
such a degree, in recent years, that it would be exceptional for a tax- 
onomic paper not to contain something that would justify its inclusion 
in the subsequent survey, but only a small fraction of them can be men- 
tioned. 

Vertebrates 

Mammals, — The polytypic Species is generally accepted by the mam- 
malogist, but mammals as a whole are far less well known than birds. 
This is primarily due to the difiiculties of preparation of the larger mam- 
mals and to the nocturnal habits of many of the smaller ones. The Arch- 
bold Expeditions discovered three new mammaliar genera in New 
Guinea, as against one new bird genus, even though here are perhaps 
twice as many species of birds as manunals in that country. Many of the 
mammal taxonomists still insist on perfect intergradation as a sub- 
species criterion and treat every insular, morphologically separated 
population as a separate species. This results in the recognition of a high 
percentage of monotypic species. However, the new biological species 
concept is gradually gaining more and more adherents. Mammals are 
very favorable material for modern taxonomic studies, because many 
species (mice, for example) can be obtained in large series and their 
skulls can be measured much more accurately than any avian character. 
Good recent papers are those of Dice on Perotnyscus (1936 ff.), of Orr on 
the California rabbits (1940), of Cowan (1940) on the American sheep, 
of Rilmmler on the New Guinea Murids (1938), and of the Californian 
school (Grinnell, Hall, and others) on North American species. For ad- 
ditional literature, consult the Journal of Mammalogy , the Zeitschrift 
fUr SditgetierkundOf the Proceedings of the Zoological Society of London, 
and the various miiseum journals. 
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Birds, — It is generally agreed that birds are taxonomically the best- 
worked and best-known animal group. A striking feature of many 
monographs, particularly those concerning the Palearctic and Nearctic 
regions, is the close integration of the taxonomic facts with life-history 
data. See for example the papers of Blanchard (1941) on the Pacific 
White-crowned Sparrows (Zonotrichia leucophrys) , of Lynes on the 
genus Cisticola (1930), of Lack (1942, unpublished) on the genus 
Geospizay of Moffit (unpublished) on the Canada Goose {Branta)y of 
Miller on Lanius (1931) and Junco (1941), and so forth. Good mono- 
graphs are those of Ticehurst (1938a) on PhylloscopuSy of Stresemanh 
(1940a) on the Honey-Buzzard {Pernis)^ of Mayr et aL (1931 ff.) on 
Polynesian Birds, of Chapman (1940) on Zonotrichia j and of Stegmann 
on LaruSy to mention just a few. Enough is known taxonomically to 
permit special studies, such as those of Stresemann and others on poly- 
morphism (see p. 77) and of Meise and others on hybrid zones and popu- 
lations (see p. 264). Modern lists, such as those of Hartert (1903-1938) on 
Palearctic Birds, that of the A. 0 . U. Checklist Committee (1931) on 
Nearctic Birds, of Chasen (1935) on Malaysian Birds, and of Mayr 
(1941a) on New Guinea Birds are valuable for the working out of per- 
centages of monotypic species and genera, for the percentage of poly- 
typic species in various families, and so forth. There is one respect in 
which ornithology has lagged behind other taxonomic fields and that is 
in the application of biometric methods and their statistical evaluation. 
A good start to overcome this deficiency was made in several papers of 
the California school (Linsdale, Miller, and others) and in Lack's Geo- 
spiza study (1942). 

Reptiles. — The application of the polytypic species concept has made 
tremendous strides during the last twenty years, but, as with mammals, 
it too often excludes insular populations for which there is valid evidence 
of biological conspecificity. European herpetologists, under the leader- 
ship of Muller and Mertens, seem to have gone further than American 
authors in the combining of allopatric forms in polytypic species. Eiselt 
(1940) shows, in a study of the skink Eumeces schneideriy that what 
older authors (Taylor and others) had considered several species is really 
one pol3rtypic species with five or six geographic races. The taxonomic 
procedure in herpetology has been discussed by Dunn (1934). American 
herpetology has produced in recent years some excellent papers, although 
it seems to me, as an ornithologist, that the terminology of the cate- 
gories could be further improved and modernized (see p. 17 2, for a discus- 
sion of the work of Stuart [1941] on Dryadophis), Some authors are still 
guided in their nomenclature by similarities, rather than by relation- 
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ships. Miss Cochran (1941) writes, for example: 'Tn order to express the 
greater or lesser degree of difference between the Hispaniolan Ameivas, 
it seems best to recognize iaemura, rosamondae and harbouri as full and 
distinct species, to make beatensis a subspecies of Uneolaia^ and abboU 
<u, affinis and woodi subspecies of chrysolaema” But something seems to 
be wrong with this arrangement, since two chrysolaema subspecies (a/- 
finis and chrysolaema) occur in the same localities. To judge by the 
author^s own data, it seems as if only two polytypic species were in- 
volved: chrysolaema and lineolata (including taeniura). All of the strongly 
differentiated island forms seem to be geographic representatives of one 
or the other of the two mainland species. An attempt by Fitch (1940a) 
to clear up the complicated classification of the Pacific garter snakes 
was presumably successful so far as the taxonomic analysis is concerned, 
but his strict adherence to the intergradation principle led to an absurd 
nomenclature. There are three groups of forms involved, as the attached 
diagram shows, the ordinoides group, the couchii group, and the elegans 
group. The ornithologist would call them three species. The forms that 
belong to each of the three groups constitute a morphological and 
biological unit. The only complications are the following. First, two 
forms of the couchii group {hammoudii and digueti) are geographically 
isolated in southern California or Lower California and are thus physi- 
cally unable to intergrade with the other forms of couchii. Secondly, one 
hybrid population is found between atratus and elegans, and another one 
between biscutatus and hygrophilus. In five of six cases in which an elegans 
race comes in contact with or overlaps a couchii race, no interbreeding 
takes place. This is likewise true in two of three cases of contact between 
ordinoides with elegans and in all three cases of overlap between ordi- 
noides and couchii. But Fitch puts all three species in a single species, 
which he mistakenly calls an Artenkreis, simply because the isolating 
mechanism between the three species breaks down in two of the twelve 
instances of contact. On the other hand, he treats hammondii and 
digueti as separate species, even though he admits that they belong to 
the couchii group, merely because they happen to be isolated! (Table 9). 
I have treated this case in detail to show that the mere use of trinomials 
does not always indicate the proper application of the modern species 
concept. 

Modern methods and terminologies are also employed in the paper 
of Grobman (1941) on the Green Snake and Gloyd’s (1940) excehent 
monograph on rattlesnakes. Herpetologists are far ahead of ornitholo- 
gists in the application of biometric methods and their statistical evalua- 
tion. The papers of Klauber (1936 ff.) are models of this typ)e of work. 




int^reeding; 0 overlap without inter breediog; ^ * » hybrid zones. 
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Taxonomists tend to be somewhat suspicious of statistical methods, 
owing to the clumsy way in which these have frequently been applied to 
biological problems by authors who were not biologists, but if such 
methods are superimposed on a biological analysis, they can only be of 
advantage. They permit the expression of variability in absolute figures 
and the determination of the significance of differences between samples, 
to mention only two applications. For further information one should 
consult Klauber (1941a), Simpson and Roe (1939), and the standard 
statistical texts (Fisher, Snedecor, and others). 

Amphibia. — Geographic variation in this class is very pronounced and 
has led to a widespread acceptance of a polytypic species concept (see 
Mertens and Muller 1928). The work of Witschi on the sex races of Rana 
esculenta and that of Moore on the geographic temperature races has 
already been reviewed by uS (p. 47). W. Herre (1936) presents detailed 
data on geographic variation in salamanders and newts and points out 
the simplification of classification resulting from a recognition of this 
variation. Dunn (1940) shov/s that Amby stoma tigrinum breaks up into 
at least seven geographic races. Some other authors, however, still call 
every form a species which is separated by a gap from its next geographic 
representative. Goin and Netting (1940), for example, divide into three 
species, Rana areolataj sevosa^ and capita ^ what seems to me to be merely 
one polytypic species of frog. 

Fresh-water fish. — The work on geographic variation and the applica- 
tion of a more modern species concept have been reviewed in a number 
of recent papers (Hubbs 1934, 1940a, Worthington 1940). There are two 
principal difficulties that beset the student of fresh-water fishes. One is 
the strong and only rather recently appreciated phenotypical plasticity 
of many species. I have already quoted the very suggestive work of 
Hile (see p. 62) on this subject. This seems also to be the principal reason 
for the muddled state of the taxonomy of many genera. It was believed 
at one time that the classification of the difficult genus Salvelinus had 
been solved by Wagler (1937), who thought that there were four spe- 
cies in the Alpine lakes of Europe, each with numerous geographic races. 
The more recent worTc of Stcinmann (1941), however, indicates that we 
are further away from a solution than ever. 

The other difficulty is presented by the fact that many of the fresh- 
water habitats are as well isolated as oceanic islands and are, like them, 
inhabited by well-differentiated forms, separated by clearcut gaps from 
their nearest geographic representatives. Fish taxonomists, in general, 
have not been able to resist the temptation to call all such forms species, 
even though it would be biologically more correct to combine a number 
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of such forms into polytypic species. This would simplify the classifica- 
tion and would, incidentally, also do away with the need for many re- 
cently created genera. The whole genus Platypoecilus seems to me to be 
just one polytypic species, or at best a superspecies (see p. 17 1), and in 
the family Goodeidae, also, most ‘‘genera^^ are based on groups of allo- 
patric '^species” which might just as well be considered subspecies of 
polytypic species (but see Hubbs and Turner 1939). The polytypic spe- 
cies concept has not yet been fully applied to North American fresh- 
water fishes. As far as Europe is concerned, Okland’s list (193 7)., which 
is primarily based on the work of Berg, renders a fair account of the 
status of fresh-water-fish systematics. 

Insects 

There is little doubt that insects, as a whole, offer a most promising 
field for modern species studies. They have a number of practical ad- 
vantages; for example, their preservation for the collection requires no 
elaborate technique like that of birds or mammals, nor do they occupy 
very much space in collections. Thus they invite mass collecting, and 
this has been done for many species. The difficulty with insects is two- 
fold: one is the tremendous number of species, variously estimated as 
between a half million and a million and a half ; the other is our insuffi- 
cient knowledge of the behavior and the ecology of nearly all but a few 
economically important species. Also, the network of collecting stations 
is rarely dense enough to provide sufficient information about the degree 
of geographic variation. Exceptions to this are found among the more 
common butterflies and large beetles of Europe and North America and 
among some groups that were assiduously collected by the worker him- 
self, such as Cynipidae by Kinsey, Ceuthophilus by Hubbell, and so forth. 
There is every reason to believe that insects will gain an ever-increasing 
importance in the study of speciation. 

Butterflies and moths. — Of all insects, the butterflies are perhaps the 
best known group, primarily because of the collecting activities of many 
enthusiastic amateurs. The large series of specimens gathered by them, 
combined with many workable taxonomic characters of color, size, pro- 
portions, and structure, makes them a particularly favorable material. 
These advantages are only partially offset by the high individual vari- 
ability of many species, caused either by genetic pol>Tnorphism or by 
phenotypical plasticity (seasonal races, and so forth). Eller’s (1936) 
analysis of the Palearctic races of the swallow-tail is perhaps the most 
detailed taxonomic study of any single species of butterflies. K. Jordan 
deserves much credit for promoting for more than forty years a sane. 
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broad polytypic species concept, rather in advance of most of his con- 
temporaries. His worV on the Indo- Australian Papilio and related genera 
is exemplary. It would lead too far afield to list all the good modern 
lepidoptera papers, the authors of which have adopted the polytypic 
species. The Parnassius literature contains much interesting informa- 
tion, although the naming of local races (microsubspecies) has been car- 
ried to an extreme. The naming of all color variants, seasonal forms, and 
so iorth completely obscures the major geographic trends in some re- 
cent papers, particularly those of Verity. Davenport (1941) has shown 
how much the classification in the genus Coenonympha could be im- 
proved by eliminating all such ‘^nomenclatorial weeds.^^ 

There is a single genus of moths, the genus Lymaniria^ to which we 
must devote special attention, since it was recently made the basis of 
some very sweeping generalizations (Goldschmidt 1940). Unfortunately, 
the taxonomy of this genus is in a state of complete disorder, since the 
family to which it belongs has at the present time no specialist and the 
treatm(‘rits in th(‘ l(‘a(iing cntalogues ^S(‘itz, Miicroh^pidoptera ; Junk, 
Lepidopterorum Catalogus) are nothing better than uncritical compila- 
tions. It is clear enough that Goldschmidt was not in the least justified 
in saying, {op. cit.^ p. 144): ^^The two nearest relatives of Lymantria dis- 
par are the species maihura and monacha.^* There is no doubt that 
maihura and monacha at least have tropical relatives with which they are 
much more closely related than with dispar ^ while the latter seems to be 
an isolated species without any close relatives. It is interesting in this con- 
nection that many of the older taxonomists, realizing the isolated posi- 
tion of dispar ^ kept it in a separate genus, Porthetria. 

Lymantria dispar is a widespread species with many, but poorly 
characterized races. This is what we would expect from its range through- 
out the Palearctic Region, and it is paralleled in nearly all the bird species 
of similar range. The differences between most of its subspecies are so 
slight that Goldschmidt was able to deceive a specialist of moths by 
introducing a few mutations into the populations. This is rather a dif- 
ferent picture from really well-defined subspecies which no specialist 
would misidentify, no matter how many mutations were introduced. 
On the other hand, in the few places where L. dispar has an insular 
range its subspecies are well defined and have, in fact, all the earmarks 
of incipient species. The subspecies hokkaidoensis is strikingly different 
from the other Japanese subspecies, as well as from the mainland forms. 
Some authors consider it a separate species, and Goldschmidt had dif- 
ficulty for many years in producing the cross Honshiu 9 x Hokkaido 
cf* (op. cit, p. 124). But what is more important is the fact that the Hok- 
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kaido race and the population from the opposite shore of the main island 
of Japan produce extreme intersexes and sex inverts, when crossed. 
There is little doubt that a hybrid population resulting from a mixture 
of the two races in nature would be inferior in viability to the parental 
populations. The establishment of discontinuity between the Honshiu 
race and the Hokkaido race is thus almost complete. 

The genus Lymantria is, primarily, a tropical genus. Seitz lists 13 
other Palearctic species in addition to dispar ^ mathuray and monacha (op, 
cit.y II (1910), 126), 58 Indo-Australian species (op. cit.y X (1923), 320- 
328), and 44 African species (op. cit.y XIV (1927), 193-196). Of the trop- 
ical forms, probably not more than 25 percent are known and described 
at present, and many of the species listed in the present catalogues are 
unquestionably only subspecies of other species or perhaps only color 
phases. The illustrations of the various species published in the volumes 
cited seem to suggest that some of the Palearctic species are nothing but 
offshoots of widespread tropical superspecies: For example, monacha 
seems to belong to the turneri (A\isiTB\isi)~novaeguineae-asoetria (Java- 
Tenasserim)-concoJor (Burma-Himalayas) chain. Many of the tropical 
^ ^species’ ^ represent each other geographically and are so similar that 
one must assume that they are probably members of the same rassen- 
kreis'y for example, viola (Bombay)-grandzs (Ceylon), rhodina (E. Hima- 
layas)-ccre6rosa ( W. Him .) , lunata-ochorina-galinara-similis-niassica, 
and in Africa the chain albimacula-metella-marwitzi-mimiata-melia-bana^ 
noides. Many others could be mentioned, but they would not prove any- 
thing that is in the least different from what is known from other and 
better-studied groups of animals. These examples are nothing but sug- 
gestions of probable relationship; they can not be proven as long as the 
present disorganized condition of the genus Lymantria continues. Many 
of the geographically representative species on the tropical islands cited 
above seem to be about as different as the two good species dispar and 
monachay particularly if the far-distant links of the chain are compared. 
This condition corresponds exactly to that found in tropical species of 
mammals and birds, because the populations are old and the isolation is 
very thorough. When Goldschmidt speaks of ^The relatively small dif- 
ferences of the subspecies,’’ he refers to findings in Lymantria dispar 
occurring in a part of the Palearctic region in which we have almost 
exactly the same condition in the majority of species of birds. There is 
a considerable number of species of birds known in which the Japanese 
race is almost indistinguishable from the European one, and very few 
species in which there are striking differences that would suggest a high 
level of speciation. We may summarize our findings by saying that the 
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taxonomic situation in the genus Lymantria supports rather than weak- 
ens our general thesis on the importance of geographic variation for 
speciation. 

Beetles, — Very little is known, as yet, about the geographic variation 
of small-sized beetles, but the workers on the larger species employ the 
polytypic species concept widely. The work of Breuning, Krumbiegel 
(1932, 1936a, b,c), and Zarapkin (1934) on Carabus]o( Strohmeyer (1928) 
on Cypholoba; of Koch (1940, 1941) on Pimelia and other flightless 
Tenebrionids; of Endrodi (1938) on Oryctes nasicornis; and of Dobzhan- 
sky (1933) on Coccinellids are a few of the many recent papers that have 
come to my attention. Delkeskamp (1933) was able to reduce the 28 
oriental ^^species^’ of the genus Encaustes (Erot.) to 4 by applying the 
pol3rtypic species concept. This process of synthesis and simplification is, 
however, possible only in genera in which sufficient material is available. 

Hymenopiera. — The polytypic species occurs commonly among the 
hymenoptera. Most of Kinsey’s (1930, 1936) species ‘‘complexes” of 
Cynipids are polytypic species, as defined by us, although in a few cases 
two or three overlapping species seem to be included in one species com- 
plex. In the Cynips dughi complex, for example, I would judge, on the 
basis of the data provided by Kinsey, that the following 20 forms are 
geographic races of a single species: cubitalis^ brevipennatay capronae^ 
simulairiXy subnigray pupoideSy caienay cam, emergenSy deceptriXy occiduay 
pictoVy oriunday vastay orienSy puleXy pusay vulgata, dugesiy and pumilio. 
All of them are allopatric except vulgata and dugesi, which apparently 
overlap. The other 9 or 10 forms included by Kinsey in the dugesi com- 
plex seem to belong to from 2 to 4 additional species, although some of 
them seem to be conspecific with what Kinsey calls the bulboides com- 
plex. Naturally, not being a student of Cynipids, I can supply only a 
paper analysis, with all its inherent weaknesses. I present it merely as 
an attempt at approximating the Cynips species to the polytypic bird 
species. A modern, up-to-date review of the species situation and of geo- 
graphic variation in the genus Bombus (bumblebees) was recently pre- 
sented by Reinig (1939), showing that the species there corresponds, in- 
deed, very closely to the bird species, except that the geographic races 
in birds are rarely as localized. Furthermore, there is nothing in birds 
comparable to the enormous polymorphism found in Bombus. G(k>- 
graphic variation in the honeybee {Apis mellijica) was studied by Alpa- 
tov (1929) and in the wasp genus Polistes by Zimmermann (1931). Our 
knowledge of the parasitic hymenoptera is still largely in a confused 
state, as is that of the solitary bees. Sibling species are of common occur- 
rence among ants, but most of them are still listed as “varieties” and 



140 


THE POLYTYPIC SPECIES 


this has impeded a more rapid acceptance of a modern species concept. 
The lack of color patterns and the reduction of external structural de- 
tail, particularly in the worker, is perhaps one of the reasons for the 
rather backward condition of ant systematics. Morphological evolution 
in the ants seems to have been rather stagnant since the Miocene. 

Flies. — A few years ago geographic variation was practically unknown 
among diptera and the species was strictly that of 1758. In the meantime, 
subspecies have been described in several Syrphid species, and more mod- 
ern taxonomic work has been undertaken in several medically important 
groups. Zumpt (1940) showed that the tsetse fly (Glossina palpalis) can 
be divided into three distinct geographic races {palpalis, fusdpes, and 
martini) and that there is complete intergradation in the contact zone 
of the three subspecies. The greatest progress, in regard to geographic 
variation among diptera, has been made recently in the genus Droso- 
phila. It has been found that this genus possesses, in addition to semi- 
cosmopolitan and semi-domestic species such as Drosophila melano- 
gaster, D. immigrans, D. hydei, and so forth, a number of truly '‘wild” 
species, which show a pattern of geographic variation not unlike that 
found in birds, butterflies, and the like. Work on these geographic races 
is made somewhat difficult by the fact that the morphological differences 
between many of the species of this genus are very slight; in other 
words, many sibling species occur. Cases like that of the three species 
D. pseudoobscura A — D. pseudoobscura B — D. miranda, or of D. melano- 
gaster and D. simulans, or of the £>. affinis complex, warn us to be cau- 
tious. The results of Spencer (1940, 1941) and of Patterson and his 
coworkers (1942) on the D. mulleri, D. virilis, and D rnacrodfnna com- 
plexes cannot be interpreted with finality until much more collecting and 
breeding has been done. So much, however, is already clear: most of 
these Drosophila species are not uniform monotypic Linna^an species, 
but rather polytypic species with geographic races. The painstaking 
analyses of the salivary gland chromosomes, as well as the determina- 
tion of partial sterility between distant geographic races of the same 
species, may shed considerable light on the evolutionary history of the 
Drosophila species and on the development of isolating mechanisms in 
this genus. We are, however, still a long way from knowing how far such 
results are applicable to other orders and classes of animals. 

Other insects. — Orthoptera seem to provide suitable material for the 
study of geographic variation, as indicated by the papers of Ramme, 
Rehn, and Uvarow, although lack of series has so far prevented a more 
general adoption of the polytypic species. Hubbell^s (1936) excellent 
review of the cave cricket genus Cevihophilus indicates the widespread 
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occurrence of geographic variation and of polytypic species in this genus. 
Lack of material from intermediate localities and a too-strict adherence 
to a purely morphological species concept has prevented the author from 
a broader application of the modern species. Groups such as (i) divergenSy 
rogersiy peninsulariSy and carolinus; or of (2) spinosusy walkeriy and arma- 
tipes; or of (3) fusiformisy eleganSy silvestrisy occuliuSy carlshadensisy 
polingiy and umbratilis] or of (4) caudelliy perplexuSy vicinuSy and inyo] 
or of (5) ensifeTy saxicolay hrevipeSy,williamsoniy pallescensy and agassizi 
have all the earmarks of polytypic species. A consistent application of 
the polytypic species concept would probably reduce the number of 
species in this genus from the 80 (or more) that are now known to less 
than 30. 

Lieftink (1940) showed how the application of the polytypic species 
principle simplifies dragon-fly taxonomy, Spieth (1941) did the same for 
a genus of mayflies, and Usinger (1941) for hemiptera, to cite just a few 
examples from other insect groups. It is safe to predict that a general 
and consistent application of the modern biological species concept will 
reduce the total number of insect species from the present one million 
or more to one-third of that number or less. Such synthetic work is, 
however, very tedious and will not proceed very rapidly unless the en- 
tomological staffs of museums are considerably expanded. 

Arachnids 

Lack of material rather than lack of geographic variation has so far 
prevented a broader acceptance of the polytypic species. If Rensch said 
in 1934 that geographic variation was unknown in spiders, this is no 
longer true today. My colleague, W. Gertsch, called my attention to a 
paper by Chamberlin and I vie (1940), which indicates widespread occur- 
rence of geographic races in the genus Cicurina (even though they were 
described as species in the original paper). Such forms as (i) ludoviciana 
and varianSy or (2) Uascay arcuaiay and coloradoy or (3) iortubay garrinay 
and robusUiy or (4) simplex and shastay or (5) sierray jonesiy Jiinciy arcatay 
and nevadensisy and many others, seem to form polytypic species. Sub- 
species seem to be of widespread occurrence among spiders, but have 
been neglected merely on account of the presence of large numbers of 
undescribed good species. Geographic variation seems to be extreme in 
some of the cave spiders, with every cave possessing a particular * 'spe- 
cies” representative of some other "species” found in a neighboring 
cave. The polytypic species principle is already firmly established 
among students of scorpions (see Rensch 1929, Meise 1932). Kratz (1940) 
found that among the 27 species of the tick genus Hyalommuy no less 
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than 9 have geographic races (up to lo subspecies per species). These 
figures indicate the importance of geographic variation in this poorly 
known taxonomic group. Diplopods and myriapods also show strong 
geographic variation, but the percentage of the known forms is too small 
to permit a general application of the polytypic species concept. 

Mollusks 

Land snails were perhaps the first animals in which large polyt3T>ic 
species were recognized, even before this was donfe in birds. The pio- 
neer work was done by Rossmtoler (1836), Kobelt (1881), F. Sarasin 
and P. Sarasin (1899), and Gulick (1905), and although most of these 
authors used the conventional term species for geographically repre- 
sentative forms, they nevertheless had a clear concept that the members 
of these groups of allopatric ^^species'^ had a taxonomic and evolution- 
ary status different from that of ordinary sympatric species. Ren^h 
(1929) treats the history of the development from these beginnings to 
recent monographs in which the term species is employed in the modem 
sense as consistently as the available material permits. It was believed 
for a long time that the almost incredible localization of geographic 
races, as found among the species of Achaiinella (Guhck, D^Alte Welch) 
and Partula (Crampton) in the Polynesian islands was a phenomenon 
peculiar to that region, but a study of the land snails of other tropical 
islands and even continents has shown that a more or less pronounced 
localization is rather typical for tropical snails. In fact, wherever en- 
vironmental factors favor isolation, strongly localized races have been 
found, as recorded by Fuchs and Kaufel (1936) for the iEgaean Islands, 
by Knipper (1939) for the Balkans, by Klemm (1939) for the southern 
slopes of the Alps, by Degner (1936) for southern Italy, by Rensch (1937) 
for Sicily, to mention only a few of many similar investigations. Diver 
(1939) presents a general treatment of local variation in snails. The poly- 
typic species concept is equally applicable to fresh-water mollusks, as 
shown, for example, by Riech (1937) for some of the Papuan and Mel- 
anesian species and by Boycott (1938) for British Lymnaea. To date 
only a beginning has been made and it may take several generations, 
devoted to additional collecting and to painstaking museum work, before 
all the mollusks of the world are classified in biological instead of 
morphological species. 

Other Groups of Invertebrates 

Rensch stated in 1934: “There are only few groups in which geo- 
graphical variability has not been recorded: the protozoa, the Vorms,' 
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the tentaculata, echinoderms, and a few smaller or larger groups in the 
other classes of animals/’ The field of the geographically not variable 
animal groups has been narrowed down considerably within the last 
seven years. Geographic variation has, for instance, been found in sev- 
eral species of earthworms and planarians (for example, Pickford 1937, 
Thienemann 1938, and Husted and Ruebush 1940). The existence of 
geographic variation in spiders has already been discussed. Crustaceans 
show considerable geographic variation, as shown in numerous recent 
papers. In protozoa also the study of geographic variation is beginning 
to play an important role (Gause et al.y 1942). 

Geographic variation also seems to be of wide occurrence among para- 
sites, as proven by Ewing’s (1926) work on the human head louse, by 
K. Jordan’s work on fleas (1938), as well as by circumstantial evidence 
recorded in a number of recent helminthological papers. 

Masinb Animals 

The study of geographic variation in marine animals is made diflB- 
cult by their pronounced phenotypical reaction to water conditions. It 
is known, for example, that the form of sessile coelenterates is strongly 
influenced by the waters in which they grow (Stephenson 1933). Individ- 
uals of a species that grow in a quiet lagoon appear very different from 
other members of the same species that grow in the surf zone. These 
factors were, unfortunately, disregarded in a study of the coelenterate 
''sea-feather” (Pennatula phosphorea), in which Jaworski (1939) attempts 
to distinguish a number of geographic races. The author tells in no case 
in what depth his animals were found, nor how many specimens were 
available to him, nor does he record the exact locations. A "Mediterra- 
nean” race is described that is so different from one from the "Marmara 
Sea” that one might expect that several races have developed in the 
Mediterranean, but the author does not even state what the type locality 
is of his Mediterranean form. 

Rensch (1929, 1933:23) has reviewed some of the literature on geo- 
graphic races in marine animals, referring to investigations on fish, on 
Crustacea (cumacea, copepods, on mollusks (cypraeids), on bryozoa, and 
on coelenterates (anthipatharias). L. Doederlein (1902), in an excellent 
paper that was far ahead of the time in which it was published, estab- 
lishes a number of polytypic species. According to him, there are four 
geographic races in the coral Fungia fungites: agariciformis (Red Sea), 
indica (Indian Ocean), conceriifdia (Samoa), and stylifera (Marshall 
Islands). The sea urchin Leioddaris pistiUaria Lam. has three geographic 
races: eryihraea (Red Sea), pistiUaris (Indian Ocean), and annulifera 
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(Sunda Islands to New Guinea), while another species of sea urchin 
(Echinometra lucunter) does not vary in these same areas. In the asteroid 
genus Culciia there seem to be three geographically representative spe- 
cies in the respective areas: coriaceos (Red Sea), schmideliana (Western 
Indian Ocean), and novaeguineae (from the Sunda Islands to New 
Guinea). In the sea star, Solaster papposus, the northernmost popula- 
tion in the Arctic Ocean (affinis) has ten arms, the more southerly popu- 
lations (Norway, Greenland, England) have eleven, twelve, and thirteen 
arms, while the Kattegat race has fourteen arms. Work with more ex- 
tensive modern collections may show that some of Doederlein’s (nomen- 
clature and) interpretations are not valid, but it seems worth while to 
follow the trail blazed by this pioneer. 

Helmcke (1940) showed that there is indication of geographic varia- 
tion even in the amazingly conservative group of the brachiopods. The 
three “species’’ of the genus Cryptopora seem to represent a single poly- 
typic species, consisting of three geographic races: (i) gnomon (North 
Atlantic), (2) hoettgeri (South Africa), and (3) bratzieri (Southern Aus- 
tralia). Stiasny thought that he could divide the common jellyfish, 
Aurelia aurita L. into four geographic races, but this seems somewhat 
problematical, in view of Thill’s work (1937) on this species. Pheno- 
typical responses again obscure the picture. As far as marine mollusks 
are concerned, the work of Engel (1936) shows that the Aplysiidae show 
very little geographic variation; in fact, many species are cosmopolitan. 
There are frequently slight differences between the West Indian and the 
East Indian populations, but most of them are below the taxonomic 
threshold. Riech (1937) also calls attention to the wide range of the 
marine (as compared to the fresh- water) Melania, Schilder and Schilder 
(1938), on the other hand, find that more than half of the species of 
cowrie shell (Cypraea) are divided into geographic races. Several species 
have as many as 5, 6, or 7 subspecies (Fig. 14). Cu6not (1933) claims to 
have found 2 races in the common cuttlefish Sepia officinaliSf but these 
are definitely not geographic races (see p. 253). 

The most extensive racial studies of marine organisms have been 
made on fishes, from the pioneer work of Heincke and Schmidt to the 
most recent studies of Russian, Scandinavian, German, British, and 
American workers. Unfortunately^ no agreement has yet been reached 
concerning the proportion of phenotypical and geno-geographic chary 
acters of these races. There is no doubt that water temperature and 
salinity affect phenotypically the growth of the young fish. Jensen (1939) 
states for example: 
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Fig. 14. Polytypic species of marine shells in the western Pacific. 
Cypraea carneola divides into four subspecies, of which the easternmost 
is overlapped by a closely allied species (C. leviathan). Erosaria miliaris 
consists of two groups which are usually treated as distinct species: 
miliaris with four subspecies and lamarckii with two. (From Schilder 
and Schilder 1939.) 


As regards both the plaice {Pleuronectes platessa) and the dab (L. limanda) 
the number of anal fin rays seems to be positively correlated with the tem- 
perature of the water during the time at which the larvae are quite small. 
I® C. corresponds to about 0.4 anal fin rays. The currents are of great im- 
portance to the racial character of the individual localities because the in- 
flux from the various hatching areas varies from year to year. 


Schnakenbeck (1931), on the other hand, believes that he can distin- 
guish 13 geographical races of the herring {Clupea harengus) in eastern 
Atlantic waters between the western exit of the Channel and Iceland 
(including the North Sea). The principal characteristic of each race is 
the percentage of individuals with 52, 53, 54, 55, 56, and more vertebrae. 
Each of these races has its pecuhar spawning area and breeding season. 
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Lissner (1938) draws a similar picture of the European mackerel. Herald 
(1941) distinguishes 4 subspecies in the western American pipefish 
Syngnathus calif orniensis. The interesting aspect of this case is that one 
of these subspecies is restricted to the kelp beds and is more or less 
pelagic, while two intergrading eel-grass forms are strictly coastal. There 
is complete intergradation in the few localities (for example Elkhorn 
Slough, Monterey Bay) where the two habitats come into contact. The 
differences between the races relate to size, number of fin rays (particu- 
larly dorsal), number of tail- and body rings, as well as proportions of 
head, body, and tail. Many additional examples can be found in the 
ichthyological literature. 

ABSENCE OF GEOGRAPHIC VARIATION 

Some species without noticeable geographic variation (monotypic 
species) seem to exist in every one of the higher categories of animals. 
This absence of variability may be due to one of the following fac- 
tors or to a combination of them: (i) Insufficient analysis, (2) high 
dispersal facilities leading to a continuous swamping of semi-isolated 
populations, (3) uniformity of habitat, (4) smallness of range due to 
lack of other suitable habitat or due to partial extinction, (5) recent 
expansion of a formerly very localized species, and (6) evolutionary 
stagnation (reduction of mutability). It will require much more taxo- 
nomic, ecological, and genetic research to determine in any given case 
which one of the above factors is responsible for the absence of geo- 
graphic variation. 

All this evidence may be summarized in the statement that geo- 
graphic variation seems to be present in at least some species of every 
major animal group. Every new investigation pot only adds more cases 
of geographic races, but it also leads to simplification of the system by 
showing that many of the previously recognized ^^species'^ are nothing 
but subspecies of widespread polytypic species. The acceptance of the 
modern biological species concept, based on the principle of geographical 
replacement, has resulted in an extraordinary simpUfication of the sys- 
tem in all those groups in which it has been employed consistently. 



CHAPTER VII 


THE SPECIES IN EVOLUTION 


Darwin entitled his epoch-making work not The Principles of Evolu- 
tion ^ or The Origin and Development of Organisms, or by some other title 
which would stress the general problems of evolution. Apparently he con- 
sidered these titles too speculative and therefore chose the more con- 
crete one, On the Origin of Species. To him this was apparently more or 
less synonymous with these other titles, which is not surprising if we 
remember that Darwin drew no line between varieties and species. Any 
pronounced evolutionary change of a group of organisms was, to him, 
the origin of a new species. He was only mildly interested in the spatial 
relationships of his incipient species and paid very little attention to the 
origin of the discontinuities between them. It is thus quite true, as sev- 
eral recent authors have indicated, that Darwin's book was misnamed, 
because it is a book on evolutionary changes in general and the factors 
that control them (selection, and so forth), but not a treatise on the 
origin of species. Obviously it was impossible to write such a work in 
1859, because the whole concept of the species was too vague at that 
time. This has changed in the intervening years, as we have tried to show 
in the preceding chapter, and we are now in a much better position to 
examine the role which the species plays in evolution and how the origin 
of discontinuities is correlated with evolutionary changes as a whole. The 
authors who have devoted themselves to a study of these questions during 
recent decades have come to the conclusion that the problem of the 
''origin of species" is one of the cardinal problems in the field of evolution. 

Somebody might ask at this point if it was not exaggerated to attrib- 
ute so much importance to the species. This question seems justified 
when we remember how much the species concept has changed between 
1758 and today and how impossible it is to find a completely adequate 
and satisfactory species definition. There are actually some authors for 
whom species are merely abstractions and who consider the individual 
the only unit in nature which possesses any reality. They claim that 
all organisms form a continuity, which the taxonomist breaks up into 
species merely for the sake of expedience, to be able to handle them 
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better in the museum drawers. Species are, according to this opinion, 
merely fancies of the taxonomist, created by him for his own conven- 
ience and amusement. Such a point of view may have some justifica- 
tion in poorly known groups, but is it true in nature? This question can 
be tested only by investigating groups which are well known taxonomi- 
cally and biologically, as, for example, birds. If we ask ourselves whether 
bird species are objective, that is, whether they are units with a reality in 
nature, we must ask at once what the criteria are by which the objectivity 
of a systematic unit can be determined. Thinking this over, we come to 
the conclusion that such a unit is objective, or real, if it is delimited 
against other units by fixed borders, by definite gaps. 

GAPS BETWEEN SYMPATRIC AND ALLOPATHIC SPECIES 

Do such gaps exist and how complete are they? Let us look at some 
common eastern North American birds. The ornithologist unites, for ex- 
ample, all the smaller thrushes of this region in the genus Hylodchla, 
If we examine the variation within the genus in more detail, we find that 
it clusters very closely around five means, to which we apply the familiar 
names wood thrush ( Hylodchla mustelina), veery ( H. fuscescens), hermit 
thrush (H. guttata) y gray-cheeked thrush (//. minima) y and olive- 
backed thrush (H, ustulata). All five species are similar, but completely 
separated from one another by biological discontinuities. Every one of 
the five species is characterized not only morphologically, but also by 
numerous behavior and ecological traits. Two or three of them may nest 
in the same wood lot without any signs of intergradation; in fact, not a 
single hybrid seems to be known between these five common species. 
I could list genus after genus of familiar North American or European 
birds and demonstrate exactly the same. Aside from some rare excep- 
tions, which will be treated later (p. 260), there is a clear-cut discontinu- 
ity, or to use Goldschmidt^s term, a ‘‘bridgeless gap^' between the spe- 
cies of a given locality. Such clear-cut discontinuity is, however, fre- 
quently lacking between species that represent each other geographi- 
cally. There are thus two ways of delimiting species: (i) against other 
spedes that coexist at the same locality y and (2) against species with mvJtVn 
ally exclusive geographic ranges. This difference in the geographic velar 
tionship of species is of the utmost importance and ‘will be referred to 
frequently during our subsequent discussions; it will therefore be con- 
venient to coin some technical terms for it. Two forms or species are 
sympatric^y if they occur together, that is if their areas of distribution 
* This term was coined by Poulton (1903). 
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/overlap or coincide. Two forms (or species) are allopatricj if they do not 
occur together, that is if they exclude each other geographically. The 
term allopatric is primarily useful in denoting geographic representa- 
tives. 

The gaps between sympairic species are absolute^ otherwise they would 
not be good species ; the gaps between allopatric species are often gradual and 
relativej as they should be, on the basis of the principle of geographic specior 
tion. The few exceptions to this rule will be discussed subsequently. The 
failure to recognize the fundamental difference between the two kinds 
of gaps between species seems to be at the bottom of nearly every con- 
troversy between taxonomists on the nature of species and speciation. 
Goldschmidt (1940) quotes one fact after another in confirmation of 
the fixity of the “bridgeless gap^^ between sympatric species, but as soon 
as this is safely established, he states that “the species limit is char- 
acterized by a gap,^^ but meaning, in this case, a gap between allopatric 
as well as sympatric species. 

The delimitation of allopatric species will occupy us during the greater 
part of this chapter, but first a few more wordfe may be said about the 
gap between sympatric species. 

The Delimitation of Sympatric Species 

Yl/Tiat difficulties are encountered by the taxonomist when he attempts 
to delimit sympatric species? The answer is that there are very few 
difficulties in well-known genera. If a taxonomist of such a group receives 
a series of specimens from a particular locality, he is almost never in 
doubt as to whether they belong to one or to several species. “Dans une 
contr6e donn^, il est facile de d^finir rigoureusement la grande majority 
des esp^ces par leur caract^res morphoiogiques constants, par leur hab- 
itat particulier dont elles ne sortent qu’exceptionellement, par le fait 
qu’elles ne se croisent pas habituellement entre elles, ce qui est prouv6 
par leur permanence et Tabsence d^interm6diaires.” Cu^not (1936:14) 
with these words very graphically describes the situation which is typical 
for most animal genera. Unusual cases, such as apomicts or hybrid 
swarms, found in so many plant genera ( Hieracium^ Rubus, SaliXj and 
so forth), are exceptional or absent in animals. Nearly all the known 
hybrid swarms in animals occur at the meeting zone of otherwise allo- 
patric forms. Serious difficulties in delimiting sympatric species are 
encountered, in general, only in poorly known systematic groups. After 
such difficulties have been completely analyzed, the final decision usu- 
ally shows that either (i) several stages or phases {individual variants) 
of a species are so different that they had been mistaken for different 
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species, or (2), just the opposite, that several species which occur at the 
same locality are so similar {sibling species) that they had been con- 
sidered individual variants of one species. 

Individual variants. — The striking individual variation of many ani- 
mals, which we discussed in Chapter II, including the pronounced poly- 
morphism (Chapter IV) typical of many species, have caused the sys- 
tematist many difficulties. Among the few species of birds which Linnaaus 
describes in the Sy sterna Naturae are no fewer than 4 or 5 that are noth- 
ing but the immature or female plumage of another already described 
species. Most of these doubtful cases have now been cleared up in the 
better-known groups; the number of the remaining ones is exceedingly 
small in birds. Among the 568 species of New Guinea birds, Meliphaga 
albonotata is the only species. whose validity is doubtful; it is possibly 
only an individual color variety of Meliphaga analoga. If such color 
phases are restricted to definite parts of the range of the species, particu- 
larly to the exclusion of the ^Vild^^ type, the difficulty is still greater. 
Two well-known pairs of ^^species^^ of North American birds seem to fall 
into this category (only 2 out of about 755). The Great White Heron 
{Ardea occidentalis) of the Florida Keys is currently considered to be 
Specifically distinct from the Great Blue Heron {Ardea herodias wardi), 
and the Lesser Snow Goose {Chen h. hyperboreus) from the Blue Goose 
{Ch. caerulescens) y but I am confident that in both cases it will eventu- 
ally be shown that the white partner of the pair is merely a color phase 
(mutant), which has become the exclusive type of coloration over a 
smaller or larger part of the range of the species. Two additional doubt- 
ful species of North American birds are Buteo harlani and Dendroica 
potomac. The former is either a good species or a color phase of BiUeo 
jamaicensis krideri, and the latter (known from only two specimens) 
seems to be a hybrid between the Yellow-throated Warbler {Dendroica 
dominica) and the Parula Warbler {Parula americana). Interspecific 
hybrids, rare as they are in most families of birds, have been the cause 
of some confusion. A full discussion of the problems of hybridization 
will be given later (Chapter IX). 

Individual variation affects, in general, invertebrates much more than 
homoiothermal higher vertebrates; This is primarily due to their greater 
phenotypical plasticity, but is to some extent also due to the frequency 
of genetic polymorphism. Individual variation poses many difficulties to 
the working taxonomist, but these are being overcome steadily, as. the 
available material and our knowledge of the various taxonomic groups 
increases. However, it seems that a few cases are so difficult that it will 
be impossible to analyze them satisfactorily, even with help of the finest 
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collections. A study of the ecology and ethology of the doubtful forms 
or a breeding experiment will usually provide the solution, when the 
analysis of the morphological characters fails. 

Sibling species, — Much more troublesome to the taxonomist and more 
interesting to the student of evolution is another class of difficulties 
caused by pairs or even larger groups of related species which are so 
similar that they are considered as belonging to one species until a more 
satisfactory analysis clears up this mistake. I call such morphologically 
similar and closely related, but sympatric species, sibling species. This 
corresponds to the “dual species’^ of Pryer and of Hering (1935), to the 
*^DoppeV*- or ^^Geschwister^^-Arten of some German taxonomists, or the 
** espies jumelles'' of Cu^not (1936:236). The category of sibling species 
does not necessarily include species which are phylogenetically siblings, 
for example, the members of a superspecies. The term sibling species is 
arbitrarily limited to species which are as similar as are twins or quin- 
tuplets. The term is merely a convenient label for a not-infrequent taxo- 
nomic situation and has been adapted from the equivalent German and 
French terms. It is used only as a practical category, not clearly sepa- 
rable from other groups of similar species. In poorly analyzed groups it 
happens not infrequently that three, four, or five species are lumped 
under one species name, because the diagnostic characters of these spe- 
cies have not yet been discovered. An early worker in such a genus might 
call this group of species sibling species, but subsequent workers might 
find more and more distinguishing characters showing that these species 
are no more similar than most related species. In spite of this uncertainty, 
we recognize and emphasize the existence of sibling species for two rea- 
sons. First, because they demonstrate clearly that the reality of a species 
has nothing to do with the degree of its distinctness. Subspecies show 
more conspicuous visible differences in many genera than full species in 
other genera. The second reason for their importance is ‘that many of 
them were considered “biological races’ ' of one species in the bygone 
days of a purely morphological species definition. In view of this con- 
fusion between sibling species and biological races, it will be best to treat 
the two subjects jointly in a later chapter (p. 206). At present it may be 
said only that there is no reason to believe that sibling species evolve 
in a manner that is in the least different from that of other species. 

The Delimitation of Allopatric Species 

The difficulties in delimiting sympatric species, which we have just 
discussed, are of a technical and temporary nature. They are due to the 
incompleteness of our knowledge of these species and disappear as soon 
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as the missing information becomes available. They do not in the least 
affect the objective reality of these species. In addition to these clear-cut 
and “bridgeless’' gaps between sympatric species, there are, however, 
the gaps between allopatric forms, and the unbridgeability of these gaps 
is very often doubtful. Nearly every well-isolated population which has 
developed some characters of its own may be considered a separate 
species on the basis of certain criteria. The decision as to whether to call 
such forms species or subspecies is often entirely arbitrary and subjective. 
This is only natural, since we cannot accurately measure to what extent 
reproductive isolation has already evolved. In fact, such cases are log- 
ical postulates, if the divergence of isolated populations is one of the im- 
portant means of species formation. A species evolves if an interbreeding 
array of forms breaks up into two or more reproductively isolated ar- 
rays, to use Dobzhansky’s terminology. If we look at a large number of 
such arrays (that is species), it is only natural that we should find a few 
that are just going through this process of breaking up. This does not 
invalidate the reality of these arrays; just as the Paramecium “individ- 
ual” is a perfectly real and objective concept, we find in most cultures 
some individuals that are either conjugating or dividing. Such intermedi- 
ate stages are very troublesome to the taxonomist. We have no way of 
telling whether the isolated forms that belong to the Mortar cha castan^ 
oventris group (Fig. lo) or to the Tanysiptera galatea group (Fig. 15), are 
still members of the nominate species, biologically speaking, or have 
already acquired reproductive isolation. Morphologically, such forms 
are often as different as good species and have been regarded as such by 
the older taxonomists. Reproductive isolation is, however, frequently 
absent, as is proven by the existence of hybrid populations, such as those 
found between Pachycephala dahli and hougainvillei on Whitney Island 
(Mayr 1932c), Pachycephala torquaia and aureiverUris on Rambi, Fiji 
(Mayr i932d), for Megapodius affinis and eremita on Dampier Island 
(Mayr 1938b), and for many continental species (Meise 1936b). 

It is of practical as well as of theoretical interest to learn how common 
these border-line situations are. We can study this if we examine all the 
possible gaps between the species of a genus and then segregate the 
doubtful allopatric gaps. In the North American warbler genus Vermi- 
vora there are 9 species, which means that there are 36 interspecific 
gaps n(n-i). Of these only 2 (or 5.6 percent) are possibly incomplete; 

2 

the other 34 are unquestionably complete. In the related genus Dendroica 
there are 23 species, with 253 interspecific gaps, of which 2 (or 6.5 per- 
cent) are doubtful. A very high number of doubtful gaps exist in the 
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Fia. 15. The insular races (4-8) of the New Guinea kingfisher Tanysiptera 
galaiea have developed almost specific rank in their small isolated ranges. The 
three mainland races (1-3) are very similar to each other, i = galaiea; 2 = 
meyeri; 3 = minor; 4 = vulcani; 5 = rosseliana; 6 = riedelii; 7 = carolinae; 

8 « ellioti. Range expansion of minor into south New Guinea has led to an 
overlap with hydrocharis (Hi and Hj) which was formerly isolated by an arm 
of the sea. 

genera in which all the species belong to one superspecies, as, for exam- 
ple, in the genera of birds of paradise Astrapia^ Parotia, and so forth. If 
we were to add the figures of all genera of birds, I believe that the figure 
of doubtful gaps would be not more than 5 to 7 percent of the total num- 
ber of intrageneric interspecific gaps. 

We may summarize this discussion by saying that the allopatric spe- 
cies borders are not always sharply defined, but that this lack of clear- 
cut delimitation of some geographic representatives is an inevitable con- 
sequence of the continued operation of evolution. 

The Delimitation of Allochronic Species 

Hitherto we have spoken only of the delimitation of contemporary 
(synchronic) species. The delimitation of species which do not belong 
to the same time level (allochronic species) is difficult. In fact, it would 
be completely impossible if the fossil record were complete. The species 
of each period are the descendants of the species of the previous period 
and the ancestors of those of the next period. The change is slight and 
gradual and should, at least theoretically, not permit the delimitation 
of definite species. In practice, the fossil record is fragmentary, and the 
gaps in our knowledge make convenient gaps between the “species.'' In 
the few cases, in which an almost complete record of a continuous line 
is already available, the paleontologist follows the reasoning of the tax- 
onomist who is confronted with an unbroken intergrading series of geo- 
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graphic populations. He breaks them up for convenience. It is obvious 
from these remarks that the ^ ‘species^' of the paleontologist is not neces- 
sarily always the same as the ^^species’^ of the student of living faunae. 
Breaks in series of intergrading “species’^ from subsequent geological 
horizons are not infrequent, even when the complete stratigraphic series 
from a certain locality is known. It is obvious in such cases, as several 
authors have pointed out, that the break must be due to a shift in geo^ 
graphic distribution (caused by a climatic or other environmental 
change), resulting in the replacement of a sp)ecies or subspecies by a re- 
lated one which had differentiated in a different region. Such a sudden 
break in a stratigraphic sequence is by no means proof of the instanta- 
neous evolution of a new species. 

THE PROCESS OF GEOGRAPHIC SPECIATION 

The term speciation includes two processes: the development of diver- 
sity and the establishment of discontinuities between the diverging 
forms. To be sure, the two processes are correlated and frequently go 
hand in hand, but nevertheless they represent two rather different as- 
pects of the course of evolution. The development of diversity, which 
is the more obvious of the two, has been discussed by us in detail in 
Chapters III and IV, under the heading of geographic variation. But 
variation and mutation alone do not necessarily produce new species. 
After all, it is quite thinkable that such variation might lead only to a 
single, interbreeding, immensely variable community of individuals. But 
this is not what we find in nature. What we find are groups of individuals 
that share certain characters, and that are more or less sharply segre- 
gated from other groups with different character combinations. These 
groups of individuals, these populations, races, or subspecies can be com- 
bined into species, and the latter into higher categories. This is a rough 
description of the situation as it occurs in nature. But we are not satis- 
fied with mere description; we are interested in the d3mamics of this 
process of speciation. Therefore, we want the answers to certain ques- 
tions, such as: (i) Do species originate from individuals or from infra- 
specific units, and, if the latter, from which units? and (2) Is there any 
evidence for a broadening of intraspecific gaps, to the extent that they 
become interspecific gaps? 

The answer to the first question is not simple, since it involves in- 
direct proof. Even if no new species had ever developed under domestica- 
tion or under other conditions of close observation, somebody might 
still insist that the spontaneous production of individuals representiDg 
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new species was the usual process of species formation and that this had 
never been observed, merely because no interested observer had hap- 
pened to be present when the new species first appeared. When De Vries 
described his first mutations, it seems that he was convinced that they 
demonstrated spontaneous species formation, and Lotsy insisted on this 
point even at a much later date. In the meantime the species concept 
has been clarified by the taxonomist, and we know now that species dif- 
fer by so many genes that a simple mutation would, except for some^ 
cases in plants, never lead to the establishment of a new species. Gold- 
schmidt, therefore, modified the simple De Vriesian concept and re- 
placed it by the hypothesis of speciation through systemic mutations: 
^'Species and the higher categories originate in single macroevolutionary 
steps as completely new genetic systems. To him a species is like a 
Roman mosaic, consisting of thousands of bits of marble. A systemic 
mutation would be like the simultaneous throwing out of all the many 
thousands of pieces of marble on a flat surface so that they would form 
a completely new and intelligible picture. To believe that this could 
actually happen is, as Dobzhansky has said in review of Goldschmidt^s 
work, equivalent to ^^a belief in miracles.’^ It seems to me not only that 
Goldschmidt did not prove his novel ideas, but also that the existing 
facts fit orthodox ideas on sjjecies formation so adequately that no reason 
exists for giving them up. This statement requires proof and there is 
perhaps no better way to introduce our arguments than to state briefly 
how we visualize the course of geographic species formation: 

A new species develops if a population which has become geographically 
isolated from its parental species acquires during this period of isolation 
characters which promote or guarantee reproductive isolation when the exter- 
nal barriers break down. 

This definition contains a number of postulates which we shall now 
discuss. To begin with, it involves the concept of the “incipient'" species. 
Geographic speciation is thinkable only, if subspecies are incipient spe- 
cies. This, of course, does not mean that every subspecies will eventually 
develop into a good species. Far from it! All this statement implies is 
that every species that developed through geographic speciation had to 
pajss through the subspecies stage. There is, n''.turally, a considerable 
infant mortality among subspecies and only a limited number reaches 
adulthood, or the full species stage. We shall see in Chapter IX under 
what conditions subspecies are most likely to be successful. At this point 
a few figures may be helpful. There are, in the entire world, approxi- 
mately 8,500 species of living birds, with probably recognizable 

aubspecies. Apparently all the present orders of birds already existed at 
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the beginning of the Tertiary period, some fifty-five million years ago, 
and we can think of no reason why the number of species should have 
increased materially during the last ten or twenty million years. As some 
became extinct, others took their place. This replacement is apparently 
a rather slow process, since there is much evidence that most of the pres- 
ent species or the ^‘lines^^ to which they belong have existed for consid- 
erable periods (Miller 1940). Occasionally a species succeeds in entering 
a previously unoccupied ecological niche. We are forced to the conclu- 
sion, on the basis of such considerations, that probably less than 10 or 
15 percent of the existing subspecies of birds will both diverge suffi- 
ciently and survive long enough in isolation to become good species. The 
statement that subspecies are incipient species should therefore be 
emended to read: Some subspecies are incipient species, or subspecies 
are potentially incipient species. Furthermore, the isolated incipient 
species may consist of several subspecies or of a subspecifically as yet 
unmodified population. 

We have called the theory of geographic speciation an orthodox 
theory, and this is correct when we realize how old it is and how wide- 
spread its acceptance. It had considerable support among thinking 
biologists, even long before Darwin. Leopold von Buch, for example, in 
a description of the fauna and fllora of the Canary Islands (1825), writes 
as follows: 

The individuals of a genus spread out over the continents, move to far- 
distant places, form varieties (on account of differences of the localities, of 
the food, and the soil), which owing to their segregation [geographical isola- 
tion] cannot interbreed with other varieties and thus be returned to the 
original main type. Finally these varieties become constant and turn into 
separate species. Later they may reach again the range of other varieties 
which have changed in a like manner, and the two will now no longer cross 
and thus they behave as ‘‘two very different species. 

We can hardly improve on this statement, except for choosing a few 
different terms. The two points which von Buch makes, namely that 
geographic isolation was needed to permit the species difference to ‘‘be- 
come constant^' and that proof of the species difference was given by 
; their reproductive isolation, were, curiously enough, not recognized with 
the same clarity by later authors. Darwin, for example, was primarily 
interested in the development of the diversity which precedes species 
formation and he therefore neglected to explain the development and 
maintenance of discontinuities. M. Wagner seems to have been the first 
author to realize this gap in Darwin’s argumentation, and it led him to 
propose in 1869, his “Migrationsgesetz der Organismen,” which he later 
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called more correctly the ‘^separation theory’’ (Wagner 1889). On the 
basis of his extensive collecting experiences in Asia, Africa, and America, 
Wagner emphasized the nonexistence of sympatric speciation and stated 
that “the formation of a real variety which Mr. Darwin considers as 
‘incipient species,’ can succeed in nature only where some individuals 
can cross the previous borders of their range and segregate themselves 
for a long period from the other members of their species.” Darwin him- 
self, in a letter to Wagner, admitted later that he had overlooked the im- 
portance of this point. 

The speciation process does not need to be completed during this isola- 
tion. Dobzhansky (1940, 1941a) has pointed out that selective mating 
in a zone of contact of two formerly separated incipient species (zone of 
secondary intergradation, p. 99) may play an important role. The two 
incipient species must be sufficiently distinct, so that the hybrid off- 
spring of mixed matings has discordant (unbalanced) gene patterns; in 
other words, the individuals produced in such matings must have a 
reduced viability and survival value. 

Let it be assumed that two incipient species, A and B, are in contact in a 
certain territory, and that mutations arise in either or in both species which 
make their carriers less likely to mate with the representatives of the other 
species. The nonmutant individuals of the species A which cross to B will 
produce a progeny which is, by hypothesis, inferior in viability to the pure 
species; the offspring of the mutant individuals will have, other things being 
equal, a normal viability. Since the mutants breed only or mostly within 
the species, their progeny will be more numerous or more vigorous than 
that of the nonmutants. Consequently, natural selection will favor the spread 
and establishment of the mutant condition [Dobzhansky 1941a], 

until only conspecific pairs are formed or, in other words, until complete 
discontinuity (a bridgeless gap) has developed between the two species. 
Dobzhansky presents a plausible case, and we agree that such a selec- 
tive process may help to complete the establishment of discontinuity, in 
those cases in which some interbreeding has taken place between incipi- 
ent species. 

The question is, however, whether or not this is the only way by 
which reproductive isolation can be established. Naturalists, from L. 
von Buch down to our contemporaries, have Always believed that good 
species can complete their development in isolation. They find an 
abundance of cases in nature which seem to permit no other interpreta- 
tion. The most conclusive evidence is, of course, presented by the multi- 
ple invasion of islands by separate colonizing waves coming from the 
same parental stock. Let us, for example, take Norfolk Island, 780 miles 
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from the coast of Australia, and surely never in continental connection 
with any of the surrounding island areas or continents. Among its 
scanty bird fauna (about 15 species of land birds) there are 3 species of 
Zosterops: norfolkensis, tenuirostrisy and albogularis, which in the same 
order are progressively more different from their only close relative, 
Zosterops lateralis, from the Australian mainland. The island is about 44 
square kilometers in area and can easily harbor several thousands of 
pairs of each species. The following interpretation of this situation is 
obvious, and there seems no other interpretation nearly so convincing 
(Stresemann 1931). There were three waves of immigration. The first 
had already become specifically distinct when the second wave arrived. 
If the single or the two pairs of Zosterops which comprised the second 
colonization had hybridized with the more-than-thousand-pair popula- 
tion of the first wave, they would have been swamped out of existence 
within one or two generations. The second wave had developed into a 
separate species when the colonizing pair of the third wave appeared. 
The discontinuity between the three species could not have become 
established through a slow, selective process, as described above by 
Dobzhansky. The bridgeless gap must have been there already, when 
the second and third set of colonists arrived; otherwise there would not 
be three species on the island. The distance of 780 miles between Nor- 
folk and the mainland precludes the possibility of numerous attempts at 
colonization, by which an isolating mechanism could have been built up 
gradually through selection. The same explanation applies, raviolis mu- 
tandis, to all other cases of double or triple invasions (see p. 173). It is 
also the best interpretation of many other situations in which two re- 
lated species now have partly overlapping ranges, owing to the break- 
down of former barriers (p. 176). 

Some geneticists endorse the viewpoint of the naturalist, that the 
accumulation of small genetic changes in isolated populations can lead 
in the course of time to a new integrated genetic system, of such differ- 
ence that it thereby acquires all the characters of a new species, includ- 
ing reproductive isolation. 8. Wright (1941c) describes this in the follow- 
ing words: 

If isolation of any portion of a species becomes sufficiently complete, the 
continuity of the fabric is broken. The two populations may differ little ii 
any at the time of separation but will drift ever farther apart, each carrying 
its subspecies with it The accumulation of genic, chromosomal and cyto- 
plasmic differences tends tb lead in the course of ages to intersterility or 
hybrid sterility, making irrevocable the initial merely geographic or ecologie 
isolation. 
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For a more detailed discussion of the genetic aspects of the establish- 
ment of biological discontinuity, we refer to Muller (1940). We main- 
tain, therefore, that the discontinuity between species is due to their 
divergence (difference), both in regard to their cytogenetics and in re- 
gard to their crossability (ecological and ethological). The establishment 
of discontinuity is closely associated with the process of divergence, and, 
to make a pun, one might say: ‘The establishment of discontinuity is a 
continuous process. ”In other words, the big gaps which we find between , 
species are preceded by the little gaps which we find between subspecies 
and by the still lesser gaps which we find between populations. Of 
course, if these populations are distributed as a complete continuum, 
there are no gaps. But with the least isolation, the first minor gaps will 
appear. 

Stages of speciation , — That speciation is not an abrupt, but a gradual 
and continuous process is proven by the fact that we find in nature 
every imaginable level of speciation, ranging from an almost uniform 
species at one extreme to one in which isolated populations have di- 
verged to such a degree that they can be considered equally well as 
separate, good species at the other extreme. I have tried in a recent 
paper (Mayr 1940a) to analyze this continuous process and to demon- 
strate its different phases by subdividing it into various stages. I am 
well aware that these divisions are somewhat artificial and that a poly- 
typic species may be in different stages in different parts of its range at 
the same time. Still, this analysis is useful, as we shall see in the subse- 
quent discussion. The classification of my 1940 paper has been some- 
what modified, since I now realize that what I then called stage (i) is 
as much the final as the first stage of speciation. A species may have a 
small range because it is so new that it has had as yet no time to expand 
(Willises age and area concept), or because it is adapted to a unique 
situation, or because it developed in a particularly isolated location (is- 
land, cave), or because it became extinct in the other parts of its range. 
A widespread species is more likely to represent the first stage of specia- 
tion than one with a narrowly restricted range. 

There are many cases in nature which cannot be fitted very well into 
this scheme, but still it will be possible to take the entire number of 
species of a systematic group (let us say birds or butterflies) from one 
particular region and classify them according to the stage of speciation 
to which they belong. The resulting figures of such an analysis shed much 
light on the degree of speciation and, in particular, on the degree of geo- 
graphic isolation in the respective region. 



Stage 1. A uniform species 
with a large range 



Followed by: 

Process L Differentiation 
into subspecies 


Resulting in: 

Stage 2. A geographically 
variable species with a more 
or less continuous array of 
similar subspecies (2a dl 
subspecies are slight, 2b 
some are pronounced) 



Resulting in: 

Stage 3. A geographically 
variable species with many 
subspecies completely iso- 
lated, particularly near the 
borders of the range, and 
some of them morphologi- 
cally as different as good 
species 



either 



Resulting in either 

Stage 4- Noncrossing, that is, 

new species with restricted 

range 

or 



Followed by: 

Process 2. a) Isolating action 
of geographic barriers be- 
tween some of the popula- 
tions; 

also b) development of iso- 
lating mechanisms in the 
isolated and differentiating 
subspecies 


Followed by: 

Process 3. Expansion of 
range of such isolated popu- 
lations into the territory of 
the representative forms 


Stage 5. Interbreeding, that 
is, the establishment of a 
hybrid zone (zone of secon- 
dary intergradation) 



Fig. 16. Stages of speciation. 
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To demonstrate the value of this method, which is applicable only to 
well-known groups, I have listed in Table lo the passerine birds of three 
geographic regions, including the extraterritorial range of each species. 
Stage 5 was omitted and in stage 4 every uniform species with small 
range was included. 

Table 10 

Stages of Speciation in Different Geographical Regions 

MANCHURIA NEW GUINEA SOLOMON ISLANDS 

(continuous region (partly (discontinuous 

stage ranges) continuous ranges) ranges) 

SPECIES SPECIES SPECIES 

Number Percent Number Percent Number Percent 


I 

15 

14.0 j 

1 

► 69 

21 

7-M 

1 

I48 

I 

2 ] 

2a 

59 

55 . 1 J 


118 

40.7 J 


II 

22 J 


2b 30 28.0 84 29.0 12 24 


3 

I 

I.o] 

33 

II. 4 1 

17 

34 1 



3 


23 



4 

2 

1-9 J 

34 

II. 7 J 

9 

18 J 


An analysis of this tabulation shows that stages 3 and 4, which in- 
dicate the final stages of evolution, are almost nonexistent when geog- 
raphy and geology favor continuous ranges, while stages i and 2a, 
indicating the early stages of evolution, reach a definite high in such con- 
tinental areas. In contradistinction, we find that where geographic 
factors break up the species ranges to a high degree, as, for example, on 
an old tropical archipelago such as the Solomon Islands, a great number 
of the si>ecies are in the final stages of evolution (3 and 4) and compara- 
tively few in the early stages (i and 2a). A studeYit of speciation must 
study regions with continuous ranges as well as those with discontinuous 
ranges before he can generalize on the dynamics of the speciation proc- 
ess. To base all conclusions on the temperate zones of the large Old 
World and New World continents leads inevitably into error or to a 
very one-sided viewpoint, because these two regions are characterized 
by special conditions. Not only are there very few effective geographic 
barriers, but most of the populations are also comparatively young, be- 
cause they occupied their present ranges only after the rather recent 
retreat of the ice. So far as I know, all workers who minimize the im- 
portance of geographic variation for species formation base this opinion 



i62 the species in EVOLUTION 

on work done in the Holarctic region. On the other hand, von Buch, 
I Darwin, Wallace, and others derived their clear ideas on evolution from 
I a study of both continental and insular species. Kinsey (1937b) has pre- 
sented us with a particularly graphic description of the differences be- 
tween these two types of species. 

THE PROOF FOR GEOGRAPHIC SPECIATION 

The conclusion of the taxonomist of birds, mammals, butterflies, and 
other well-known groups that geographic isolation is in most groups of 
animals one of the necessary conditions of speciation has not remained 
unchallenged. Rensch (1939a) recently has cited a whole list of books 
and papers by authors who deny the importance of geographic specia- 
tion (allopatric speciation). Goldschmidt (1940) devoted most of the 
first half of his book (183 pages) to a refutation of this thesis. It may be 
in order, therefore, to gather additional proof for the existence and im- 
portance of geographic speciation. But what is proof? Is it not sufficient 
to point out, as we have done, that the majority of well-isolated sub- 
species have all the characters of good species and are indeed considered 
to be such by the more conservative systematists? Is it not sufficient to 
show that subspecific characters are of exactly the same kind as specific 
characters? Is it not sufficient to point out that certain Rassenkreise 
clearly merge into each other? 

All this evidence is highly indicative, but it may not be completely 
convincing. The fact that Goldschmidt and others, who know this evi- 
dence, deny the importance of geographic speciation makes it necessary 
to present additional proof. The evidence in favor of geographic speci- 
ation can be summarized as follows: 

All Differences between Species Are Subject to Geo- 
graphic Variation; There Is no Difference of Kind 
between Specific and Subspecific Characters. 

The discussion as to what characters are subject to geographic varia- 
tion (Chapter III), proves this point so conclusively that nothing need 
be added. If species formation and subspecies formation were two funda- 
mentally different processes, we should find that two different classes of 
characters were subject to variation in the two categories (geographic 
race and species). But this is not what we found in our analysis of geo- 
graphically variable characters. Not a species character is known, be it 
morphological, physiological, or other, which is not subject to geographic 
variation. As a general rule it can be said that characters separating full 
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species tend to be more pronounced, and that there are often more dif- 
ferences between species than between subspecies. But this criterion 
breaks down completely in all the really doubtful cases, and many sub- 
species are characterized by more striking differences than some “good''; 
species. It is therefore obvious that there is no ‘‘gap^’ between subi 
species and species, as far as systematic characters are concerned. ) 

Reduced Fertility between Geographic Races of One Species 

We have already called attention to a number of mistakes in logic in 
the discussion of sterility as a species criterion (p. 119). Lack of inter- 
breeding in nature between two forms of animals (in breeding condition) 
may be due to two different obstacles, sexual isolation and sterility. Even 
though these two factors are frequently correlated, they actually belong 
to two entirely different fields: ethology and cytogenetics. It has been » 
proven again and again for birds and many other animals that several 
species can live side by side in nature without normally hybridizing, j 
even though they are highly or completely fertile with one another in I 
artificial crosses. It is therefore not to be expected that fertility should 
always be reduced between the geographic races of all the species. Still, 
the number of cases of partial sterility between geographically distant j 
races of the same species is surprisingly high, particularly among in-i 
sects. Rensch (1929:93-^4, 1933) has listed a number of them and new| 
ones are being discovered and described continually. Very striking are 
the intersexes or otherwise less viable forms which occur if certain sub- 
species of Lymantria dispar are hybridized (Goldschmidt 1934). A con- 
siderable degree of sterility occurs also between some of the geographic 
races of many of the ^^wild” species of Drosophila (excluding melano- 
garter and other cosmopolitan “domestic^^ species). These data have 
been summarized by Spencer (1940) and Dobzhansky (1941a). Pictet 
(1937) found reduced fertility, in certain species of butterflies and moths, 
between populations that are not even separated into different sub- 
species. This is true for Nemeophila plarUaginis and for the geographic 
and altitudinal races of Lasiocampa quercus. Neighboring races are 
highly fertile, but the wider their geographic separation, the more pro- 
nounced is the reduction of fertility, some races being almost or com- 
pletely sterile. It does not require much imagination to picture what 
would happen, if such races should meet in nature. The presence of even 
partial sterility would speed up considerably the establishment of bio- 
logical isolating mechanisms between the two incipient species. The 
most recent work on Drosophila proves that not only may fertility be 
reduced in geographic races of the same species, but also the sexual 
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attraction (Patterson 1942, Stalker 1942). This also proves that repro- 
ductive isolation (misogamy) is a by-product of genetic divergence. 

The Border-line Cases 

It is a logical postulate of our thesis (that species originate from geo- 
graphic races) that we should find certain subspecies which have just 
about reached the threshold of the species. Such cases are usually called 
f border-line cases, since it is impossible in these situations to decide 
whether the questionable form is ‘'still'^ a subspecies or ‘‘already’’ a 
species; they are in the border zone between the two categories. There 
are a number of different situations which can be included with the 
’ border line cases. For example, a form may be a species on the basis of 
one species definition and a subspecies on the basis of another defini- 
tion. Or certain forms may behave like subspecies of a single species in 
part of their range and like good species in other parts of their range. 
Border-line cases are by no means exceptional; in fact, we find a sur- 
prisingly high proportion of such situations in all the regions in which 
geographic or ecological conditions promote active speciation. Border- 
line cases may be classified as follows: 

No criteria permit satisfactory distinction between species and isolated 
subspecies . — The ranges of two allopatric forms are often separated by 
a geographic gap, a form of distribution which is particularly common 
among island, mountain, and cave species, where there is, in all cases, 
a discontinuous distribution of the habitat. The taxonomist who ad- 
heres to a strictly morphological species definition is not particularly 
baffled by such cases. Every isolated form that is separated from its 
nearest relative by a clear-cut discontinuity of taxonomic characters is 
regarded by him as a good species. He is, in consequence, forced to ad- 
mit as good species many isolated forms, which differ by very minute, 
but constant and unbridged differences. Such a procedure is defensible, 
as long as we are merely interested in the pigeonholing of specimens in 
the correct collection cases. It becomes an absurdity when we view the 
species as a biological unit 

In the Atlantic Ocean, about one hundred miles east of Nova Scotia, 
there is a small, isolated land mass. Sable Island. On this island, and 
only on it, lives a sparrow, the Ipswich Sparrow (Pamerculus (sandwich^ 
ensis) princeps)f which, is unquestionably derived from the same stock 
as the Savanna Sparrow (Passerculus sandwichensis) of the mainland of 
North America. The differences are, however, very striking; the Sable 
Island bird is much horger (wing, <f 73.5-79.5, against 66-72 mm.), and 
of a distinctly different coloration (much more whitish) from the races 
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of the neighboring mainland. Even in the field the two forms can be told 
apart at a glance. 

Some ornithologists hold that the Ipswich Sparrow is nothing but a 
subspecies of the Savanna Sparrow, whereas others insist that the mor- 
phological gap should be recognized as a species gap. Similar situations 
are encountered in nearly every well-worked taxonomic group. 

It is of interest to find out how common such cases are. I have made an 
analysis of all the North American birds listed in the A. O. U. Checklist 
(1931), a work which is rather conservative in its taxonomic point of view. 
I have omitted only introduced species and the purely marine order Tubi- 
nares. In 374 genera there are 755 species with a total of 1,367 species and 
subspecies. At least 94 of the listed 755 full species of North American birds 
will be considered by some authors to be merely subspecies of other species. 
In other words 12.5 per cent of the species of North American birds have 
reached a very interesting taxonomic stage: They still show by their dis- 
tribution and general similarity that they had been only recently geo- 
graphical forma of some other species, but they have, in their isolation, 
developed morphological characters of such a degree of difference that the 
majority of authors now prefers to call them good species. Typical examples 
in the North American bird fauna are: Ipswich and Savanna Sparrow 
(P aaaer cuius) ^ Red-shafted and Yellow-shafted Flicker {Colapies)^ Audu- 
bon's and Myrtle Warbler (Dendroica), the various species of the genera 
Junco and Leucosiicie^ etc. The majority of these forms are more or less 
isolated, either on the islands off the California coast or on the various 
mountain ranges of the Rocky Mountains or in the lowlands east and west 
of the Rocky Mountains. These ‘‘semi-species" comprise 12)4 per cent of 
the total of species in the rather continental fauna of North America. For 
a typically insular region, namely the Lesser Sunda Islands, Rensch (1933) 
thinks that not less than 47 species are intermediate among a total of 160 
species. I have analyzed the birds of the Solomon Islands and find that if we 
employ a narrow species concept there are 174 species of land and fresh- 
water birds; if we, however, employ a wide species concept (-include 
within one species all geographical representatives) there are only 125 
species. In other words, of 174 species there are 49 of intermediate status, 
that is 28.2 per cent [Ma3rr 1940a]. 

An even clearer impression can be gained if we analyze, in a similar 
manner, the entire bird fauna of a sin^e island (Table II). 

The percentage of border-line cases depends on a number of factors 
(size, distance from mainland, and so forth) which will be treated in a 
later chapter. Only one of the birds of the British Islands, the red grouse 
{Lagopus scGticas)^ is a border-line case. It is by many authors consid- 
ered to be a race of the continental Lagopus lagopus. 

There is no doubt that similar conditions prevail in other animal 
groups and even in plants, but the taxonomy of most of these groups has 
not yet been clarified to the point where we can express the number of 
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Table ii 

Percentage of Border-line Cases on Islands in the Papuan Region 


NAME OF ISLAND 

TOTAL 

NUMBER 

OF 

SPECIES 

MAY BE CONSIDERED 

EITHER ENDEMIC 

SPECIES OR SUB- 
SPECIES OF MAIN- 
LAND SPECIES 

BORDER-LINE FORMS, 
PERCENT OF TOTAL 

Biak Island 

(-1-Numfor) 

69 

21 

30 

Rennell Island 

34 

7 

20 

Waigeu* 

(-l-Batanta) 

71 

3 

4.2 

Aru Islands* 

72 

2 

00 


* Passeree only. 


border-line cases in actual percentage figures. Kinsey (1937b) divides 
species into two classes, continental and insular. A study of his data has 
convinced me that an ornithologist would call most of his “insular'^ spe- 
cies either subspecies or border-line cases. Eansey^s data are therefore of 
interest to us in Ai‘s connection. According to him the percentage of in- 
sular species in various taxonomic groups is as follows: the gall wasps 
(Cynipidae) 76 percent, the salamanders of the family Pkthodontidae 74 
percent, the cave crickets of the genus Ceuthophilus 62 piercent, the pond 
weeds of the genus Poiamogeton 1 5 percent, the spiderworts of the genus 
Tradescantia 9 percent, and so forth. On the basis of these data, it seems 
as if animals tended more to the formation of localized, isolated forms 
than plants, although both Tradescantia and Poiamogeton are rather 
“ weedy plants, and perhaps not typical for all plants. 

These isolated forms, or ‘finsular species,^’ are excellent evidence in 
support of geographic speciation and, as such, welcome to the student of 
evolution ; but, on the other hand, they are also very troublesome to the 
modern taxonomist, as far as their practical treatment is concerned. Our 
species definition included the statement: “A species consists of a group 
of populations which replace each other geographically which are po- 
tentially capable of interbreeding . . . where contact is prevented .by 
geographical . . . barriers. The question remains, how can we deter- 
mine which of these isolated forms are ^'potentially capable of inter- 
breeding^ 7 Unfortunately, there is no way of testing this in most cases, 
and we may as well admit that a decision is then possible only by in- 
ference. We must study other polytypic species of the same genus or 
of related genera and find out how different the subspecies can be 
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that are connected by intermediates, and, vice versa, how similar 
good sympatric species can bo. This scale of differences is then used as a 
yardstick in the doubtful situations. And even after all these data have 
been given due consideration, the decision will often be, to a large ex- 
tent, as Stresemann would say, “a matter of taste.” Such arbitrary deci- 
sions have to be made in all modern taxonomic work. In a revision of 
the genus Megapodius^ I proposed to unite, into one polytypic species, 
the seven species nicohariensisy tenimherensiSy reinwardty freycinety ere- 
mitay affiniSy and layardi, which had been recognized even by such pro- 
gressive authors as Peters and Stresemann. The reasons were that I found 
not only that all these species were strictly allopatric, but also because 
the form (macgillivrayi) from the Louisiade Islands combined the char- 
acters of reinwardt and eremita and because members of a hybrid popula- 
tion between affinis and eremita (Dampier Island) were, by convergence, 
similar to freycinet.On the other hand, it was decided to retain as full 
species the forms lapSrouse (Micronesia) and pritchardi (Niouafu, central 
Polynesia), which, although strictly allopatric, are separated from all 
other forms of the genus by very striking morphological as well as geo- 
graphic gaps (Mayr 1938b). Meinertzhagen (1935:765) lists Alauda 
arvensis and A. gulgulay Apus apvs and A. pallidus, and Riparia obsoleta 
and R. rupestris as typical border-line cases among birds. 

Extreme morphological development of terminal subspecies. — The iso- 
lated forms of MegapodiuSy which are considered separate species, differ 
only in size, color, and proportions. But sometimes such isolated forms 
develop such a degree of difference that they might be considered dif- 
ferent genera if they were judged only on morphological criteria. As a 
matter of fact, many of these forms have originally been described as 
separate genera, and their true systematic position has become clear 
only recently. That they are nothing but subspecies, or at best allopatric 
species, is particularly evident in cases in which the widely diverging 
species are the extreme ends of a long chain of intermediate subspecies. 

The distribution map (Fig. 17) of the barking pigeon [Ducula pacifica) 
of Polynesia well illustrates the geographic condit ions undc'r which such 
extreme morphological development may occur. This species has de- 
veloped a form (galeata) on the Marquesas Islands which, on account of 
its peculiarly developed bill, was, until nine years ago, considered a good 
genus (Serresius). 

Other genera that are based on morphologically distinct geographic 
forms are: in pigeons, Oedirhinxis (of Ptilinopus iozonus) and Chryso- 
phaps (of Chrysoena luteovirens) ; in kingfishers, T odirharnphus (of 
Halcyon chloris); in birds of paradise, Taeniaparadisea and Astrarchia 
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Fiq. 17. “Genus” Serresius, a member of the superspecies Ducula padfica. Extreme morphologi- 
cal differentiation of the most isolated form in the group. 
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(of Astrapia nigra) j SchUgelia (of Diphyllodes magnificus), Uranomis (of 
Paradisaea apoda) ; in drongos, Dicranostephes (of Dicrurus bracteatus) ; in 
rails, Porphyriornis (of Gallinula chloropus) ; in Passeres, Galactodes (of 
Erythropygia) j Conopoderas (of Acrocephalus) ^ Pinarolestes (of Clyto- 
rhynchus)f Papuorthonyx (of Orthonyx), Allocotops {of Melanocichla lugu- 
bris) ; and so forth. 

I could quote many other similar cases in which subspeciation, that is 
geographic variation, has actually brought about the formation of un- 
questionably new species of birds. Unfortunately, the systematics of 
most other groups of animals is not sufficiently well known to justify our 
drawing comparable conclusions, but Kinsey reports exactly the same 
situation in cynipid gall wasps (Kinsey 1930, 1936, 1937a, 1941). 

The super species j a border-line situation. — Nobody will deny that all 
the strongly specialized allopatric forms which we have just listed are 
merely ‘‘glorified” geographic races, and it seems possible to combine 
groups of them into single species if one wanted to carry the principle of 
geographic representation to an extreme. Tliis is just about what Klein- 
schmidt does in his Formenkreise. Rensch (1929, 1934) realizing that two 
rather different taxonomic concepts were hidden under the term Formenr 
kreiSj namely ordinary polytypic species and groups of allopatric spe- 
cies, proposed the term Artenkreis for the latter. I have suggested the 
replacement of this term, for more convenient international usage, by 
the term super species'^ since it is the supraspecific counterpaxt to the 
infraspecific unit, the subspecies (Mayr 1931a). 

A superspecies consists of a monophyletic group of geographically repre- 
sentative (allopatric) species which are morphologically too distinct to be 
included in one species. It is inconsequential whether the species of which 
the superspecies is composed are monotypic or whether some of tliran 
break up into geographic races. The principal feature of the superspecies 
is that it presents, geographically, the picture of an ordinary polytypic 
species, but that morphologically these allopatric species are different 
to such a degree that reproductive isolation between them may be sus- 
pected. One of the most important aspects of the supcrspecies is that it* 
is the highest category which can be delimited objectively, as is appar- 

^ Super f beyond, is the counterpart of suhy below (or within); supra, above, is the 
counterpart of infra^ below. The term supraspecies, used by sev(!ral recent aut hors, 
seems to me to be an unfortunate combination. We can speak of supraspecific cate- 
gories, as we speak of infraspecific factors, but as we use the term subspecic's for a 
specieslike category that is below the species, we must use the term superspecies for 
a. specieslike category that goes beyond the species. This corresponds to a similar 
usage of these prepositions in subgenus and supergenus, in subfamily and super- 
family, and so forth. 
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ent from the definition. Rensch has pointed out that the adoption of this 
concept affects in no way the nomenclature of the species which are in- 
volved and that no objections can be raised against it on this basis. On 
the other hand, it offers a number of considerable advantages in the 
preparation of faunal lists, in zoogeographic studies, and in discussions 
on speciation. Some critics (for example Meise 1938:63) have proposed 
the elimination of the term superspecies by broadening the scope of the 
pol3rtypic species to the point at which it includes all geographic repre- 
sentatives. If we go back to these Kleinschmidtian views, we shall have 
to include in one species the red and the yellow birds of paradise; we shall 
have to call all the Astrapiay all the Parotiay and all the juncos one spe- 
cies, to mention some avian examples. To call all these forms subspecies 
not only obscures their distinctness, but it violates even our species con- 
cept. There is some evidence that many of the species of which the super- 
species are composed are reproductively isolated. On the other hand, it 
may also be called a mistake to list them merely as ordinary species, 
without combining them into superspecies, because this ignores an im- 
portant relationship. The superspecies should be employed only in 
cases of strikingly different allopatric species. It would be an abuse of 
j this concept if an author were to call every poljrtypic species, composed 
I of insular and thus well-marked subspecies, a superspecies. 

The members of a super^pecies form a taxonomic and phylogenetic 
unit, all being descendants of one ancestral population. The recognition 
of the superspecies helps very materially to reduce the gap between sub- 
species and species, and, since every superspecies is a border-line case, 
it calls attention to these intermediate situations. The superspecies 
has its greatest practical importance in zoogeographic work. It is unwar- 
ranted to count the members of superspecies as separate species, if we 
compare two faunas. For example, it is altogether misleading to say that 
Polynesia has more species of fruit doves (Ptilinopus) than New Guinea. 
Current check lists record 1 7 species from Polynesia and 1 1 species from 
the mainland of New Guinea, but there are only 3 superspecies in Poly- 
nesia as compared to 1 1 on New Guinea. The comparison of the number 
of superspecies indicates, therefore, much more accurately how rich the 
New Guinea fauna is in fruit doves than does a comparison of the num- 
ber of species. 

The ranges of several typical superspecies have been illustrated by me 
in a recent paper (Mayr 1940a, Figs. 2, 3, 4, 7). The superspecies Zo8~ 
terops rendovae consists of three species: Z. rendome, Z. luteirostria, and Z. 
vellalavella; the superspecies Ducula pacifica consists of the species gale^ 
ata, aurorae^ pacifica, oceanica, and perhaps myristidvora, and so forth. 
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The 10 species of the genus Junco which Miller recognizes in his recent 
revision of the genus (Miller 1941) comprise one extensive superspecies. 
In fact, it would seem proper to reduce the number of species of this 
superspecies to 3 or 4, since several of them interbreed freely in their 
zone of contact and would not pass as species on the basis of a biological 
species definition. 

We have already encountered, in our discussion on the application of 
the polytypic species principle, many situations in which groups of 
closely related forms are best characterized as superspecies. Just a few 
cases from groups other than birds may be added. The Mediterranean 
lizard Laceria lepida forms a superspecies with L. atlantica (eastern 
Canary Islands), L. galloti (western Canary Islands), and L. simony i 
(Gran Canaria) (Mertens 1928a). Most of the species of the genus Orcula 
seem to belong to one superspecies (St. Zimmermann 1932). Usinger 
(1941) lists superspecies in the hemipteran genus Neseis from Hawaii, 
and the 4 species of the Central American fish genus Platypoecilus (cou- 
chianus, xiphidinus^ variatuSy and mdculatus) are another example, al- 
though these 4 ‘"species” could equally well be considered subspecies of 
a polytypic species. The Drosophila macrospina group, as described by 
Patterson (1942), can also be cited as an illustration of a superspecies. 

Superspecies are not exceptional cases. On the contrary, they com- 
prise a regular and sometimes rather high percentage of every fauna. 
Rensch (1933 :29) has tabulated their occurrence among birds and snails 
and has found, as is to be expected, that they are particularly frequent \ 
where effective geographic barriers are present, that is, where insular | 
ranges are involved. There are 17 superspecies (or 13.6 percent) among 
the 125 species of Solomon Island birds. Among the 9 widespread, moun- 
tain-inhabiting species of birds of paradise from New Guinea 3 are 
superspecies (33 percent). But even among continental species, the num- 
ber of superspecies is rather high. Among the Palearctic Corvidae (crow 
family) there are 4 superspecies, in addition to 40 polytypic species; in 
the Palearctic starlings, one superspecies and 2 polytypic species; among 
the finchlike birds of the Palearctic there are 6 superspecies in addition to 
70 polytypic species; and so forth (Rensch 1934:50). At least a dozen 
superspecies of birds occur in North America (in the genera Branta, 
LaruSy OtuSy ColapteSy LaniuSy Dendroicay Leucosiictey JuncOy and so 
forth). The percentage of superspecies may be expected to be even higher 
among animals, which are more sedentary than birds. Among the Euro- 
pean Clausiliidae (snails) there are no less than 10 superspecies, in addi- 
tion to 16 polytypic species (Rensch, he, cii.). 

The superspecies is, of course, only a stage in the speciation scale, and 
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it is to be expected that it also has its border cases. The species pairs, 
Acanthiza pusilla and emngi, Tanysiptera hydrocharis and galatea, Ptili- 
nopus dupetithouarsi and mercieriy and Lalage maculosa and sharpei, 
which we shall discuss later in this chapter, must be mentioned here. 
Each of these pairs of species would be considered as belonging to the 
same superspecies if there ^as not some overlap of ranges. The super- 
/ species is the stage at which the transition from allopatric to sympatric 
' species is most likely to occur. 

The indivisible gradient of the lower systematic categories. — We have 
stated repeatedly that every one of the lower systematic categories 
grades without a break into the next one: the local population into the 
subspecies, the subspecies into the monotypic species, the monotypic 
species into the polytypic species, the polytypic species into the super- 
species, the superspecies into the species group. This does not mean that 
we find the entire graded series within every species group. It simply 
means that in the absence of definite criteria it is, in many cases, equally 
justifiable to consider certain isolated forms as subspecies or as species, 
to consider a variable species monotypic or to subdivide it into two or 
more geographic races, to consider well-characterized forms as sub- 
species of a polyi^ypic species or to call them representative species. 

In a revision of the neotropical snake genus DryadophiSy Stuart (1941) 
recognizes 17 forms in 6 monotypic and 3 polytypic species, belonging 
to 4 species groups. Isolated forms which do not intergrade are consid- 
ered full species. Many ornithologists would not recognize this criterion 
and, by considering some of the “species'^ subspecies, they would reduce 
the total number of species to 4 or 5 (bifossatusy pulchricepsy pleeiy amU’- 
raliy and boddaerti (with heaihiiy melanolomusy and dorsalis as subspecies). 
In the bunting genus Junco there are about seven or eight possible ways 
of delimiting the species, and none of the disagreeing authors can prove 
that his arrangement is more correct than the others. The presence of 
graded series and the absence of all decisive criteria makes it neces- 
sary to rely on subjective judgments. But the fact that so many geo- 
graphic races stand on the border-line between subspecies and species 
is further proof of the importance of geographic speciation. 

A similar gradient of categories may be observed, if we compare the 
degree of geographic variation of a number of related species in the same 
geographic region. Usinger (1941) describes very graphically such a situ- 
ation among the hemiptera which have colonized the Hawaiian Islands. 
After arrival on the islands, these species 

proceeded to diverge, and have now reached varying degrees of differentia- 
tion, the extent of which can not be determined without breeding experi- 
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ments. Thus the various species in the endemic genera fall into a series, 
ranging from (i) the widespread and variable OceanideB nimhaJtus Kirk., not 
yet broken up into distinguishable forms on the various islands, through (2) 
the scarcely differentiated NeseU saundersianuB Kirk, to (3) the **poly- 
typic species^' (Huxley 1938) or “Rassenkreis'^ (Rensch 1929) NeaeiB nitiduB 
White, which has structurally distinct but closely allied races on each is- 
land, then to (4) the “supra-sjjecies*’ (Huxley 1938) NeBcU hiloensiB 
Perkins, the Oahu form of which was unhesitatingly called a distinct species, 
until a connecting link was discovered on Molokai, and finally to (5) that 
which Huxley (1938) has called a ‘^geographical subgenus'' and Rensch 
(1929) has called an “Artenkreis,^’ namely, the NeseU mauienBts Blackburn 
group which has diverged to such an extent that the Oahu and Kauai forms 
have attained the status of full species and had not even been recognized as 
belonging to this group previously. 

A similar gradient of systematic categories was described by me for some 
islands and mountains of the Papuan Region (Mayr 1940a :267). 

Double Invasions 

Oceanic islands are defined as all those islands that have received their 
fauna from other islands or from neighboring continents by transoceanic 
colonization, and not over land bridges (Mayr 1941b). The immigrants 
soon start to diverge from the original parent population (a process which 
is speeded up by the small size of most of these island populations) and 
if, after a sufficient time interval, a second set of immigrants arrives 
from the same source, the two waves of immigrants will behave like good 
species. 

Simple cases, — Cases of double colonization are known from nearly 
every sufficiently isolated oceanic island, for example among birds, from 
Tenerife (Fringilla teydea and F. coelebs canariensis), western Canary 
Islands (Columba laurivora and C. boUii), Norfolk Island (Zosterops alba- 
gvlariSf Z, tenuirostris, Z. lateralis norfoUciensis), and Samoa {Lalage 
maculosa and sharpei). Double invasions also occur on continental is- 
lands, for example Ceylon {Brachypiernus erythronotus and B, benghaleiv- 
sis irdermedius) j Luzon {Pitta kochi and P, erythrogaster), and Celebes 
{Dicrurus montanus and D, hottentoUus), Isolated mountain peaks may 
present exactly the same phenomenon, since they act as distributional 
islands. Dendrobmstes bonthaina (together with D, rufigula) on the Pic of 
Bonthain (S. Celebes) and several of the endemic species of Mount 
Kina Balu (Borneo) may be explained in this manner. Willis (1940) has 
listed a number of endemic plant species on the mountains of Ceylon, 
for which the same manner of origin is probable. 

Not a single case of double colonization is known to me from recent 
continental islands, such as Britain or Ireland, or from any oceanic is- 
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land (such as Biak or Rennell) which is situated close to a continent. The 
reason for this is obvious. Two species can develop from immigrant 
descendants of the same parent species only if the time interval between 
the first and the second colonization was sufficient to permit the earlier 
arrivals to develop sexual isolation. The new arrivals are simply ab- 
sorbed by the earlier ones if this condition is not fulfilled. This is the 
reason why such twin species are absent from incompletely isolated 
islands. 

Double colonizations of islands are, of course, not restricted to birds; 
it is only that the advanced condition of avian systematics makes their 
detection easier. I know of at least one well-analyzed case in butterflies. 
The common European Swallowtail (Papilio machaon) occurs as a single 
species in all of the Mediterranean countries. T wo species of the machaon 
group are found only on the islands of Corsica and Sardinia, Papilio 
machaon subsp. and Papilio hospiton (Eller 1936:79). P. machaon subsp. 
is closest to the Italian and southern French races of the mediterraneus 
group, and P. hospiton to the North African races (saharae group) of P. 
machaon. When the two sets of colonists met on Corsica and Sardinia, 
they had diverged sufficiently from each other not to interbreed. Some 
of the species of the hemipteran genus Nysius reported by Usinger (1941) 
seem also to belong here. 

A particularly puzzling case is presented by the Tasmanian thornbill, 
which reveals how difficult it is to decide, purely on the basis of morpho- 
logical criteria, whether an island form is a species or a subspecies (Mayr 
and Serventy 1938). On the island of Tasmania (AE) south of Australia, 
there are two very closely related species of Acanthiza (thornbill). One 
of these (A), Acanthiza pusilla diemensi^ is very similar to the subspe- 
cies Acanthiza pusilla pusilla (B), of the mainland of Australia, oppo- 
site. The other species Acanthiza ewingi (E), which lives beside diemensi 
like a perfectly good species without any signs of interbreeding, is also 
fairly similar to B {Acanthiza pusilla) and clearly an earlier offshoot of 
B. However, E is as different from C (western Australia) as is B, but B 
and C are completely connected by intergradation and interbreeding. 
E is morphologically closer to B than is C, but since A also 00001*8 on 
Tasmania, E cannot be considered a subspecies of B. There is no ques- 
tion that we would list E as a member of the species B . . C, if the second 
invasion (A) had not taken place on Tasmania and revealed the specific 
distinctness of E. This teaches us that analogy is a poor tool in analyzing 
these cases, and that in many of these border-line cases one guess is as 
good as another. 

Archipelago speciaiion , — The chances for double invasions are particu- 
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larly favorable in archipelagos consisting of two or three good-sized is- 
lands. The representative subspecies which develop in isolation on these 
islands have a good chance to become in time so different that they can 
spread to the neighboring island without mixing. This probably ex- 
plains the presence of two species of related hummingbirds {Eustepha- 



the speciation process proved by successful second colonization. A — Acan- 
ihiza pusilla diemenensis] B = k. pvmUa pusilla group; C = A. pusiUa api- 
calis-albiventris group; E = Acanthiza ewingi, 

nu8 fernandensis and galeritus) on Masatierra Island of the Juan Fer- 
nandez group; of two species of related doves on Hivaoa and Nukuhiva 
Islands in the Marquesas Islands {Ptilinopus dupeiithouarsi and merci- 
eri) ; of two related flycatchers {Mayromis versicolor and M. lessoni ori- 
enkUia) on Ongea Levu, Fiji; and of two species of finches {Nesospiza 
acunhae and Nesospiza wilkinsi) on Nightingale Island, Tristan da 
Cunha. 

These cases are forerunners of that amazing speciation which has 
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taken place on ancient archipelagos, such as Hawaii or the Gal&pagos 
Islands. The case of the Geospizidae on the Gal&,pagos Islands has been 
excellently reviewed by D. Lack (1940a, 1942), while the more ancient 
and more complicated case of the Drepanididae on Hawaii has, so far, 
defied adequate analysis. Even richer species swarms than those of the 
Drepanididae have developed among the Hawaiian invertebrates. 

The Proterhinus weevils with one hundred and fifty species, Cerambycids 
of the genera Plagithmysus and N eoclytarhus, Lygaeid bugs of the genera 
NysiuSj Neseis and Oceanides in the tribe Orsillini and a host of other 
genera in all the principal orders of Hawaiian insects, have developed unique 
branches of from six to over one hundred species. Each of these is a small 
phylogenetic world in itself. Here we find geographical replacement, well 
developed, with distinct forms on each separate island and often on each 
host [Usinger 1941]. 

The same is true for the Hawaiian snails and in particular for the genus 
Achatinella, There is no doubt that archipelago speciation presents some 
of the most instructive examples of geographic species formation. 

Partial Distributional Overlap 

Border invasions , — Another class of border-line situations is presented 
by cases in which two otherwise allopatric species show a slight overlap 
of ranges. Particularly interesting are those cases in which the two repre- 
sentative species are so similar that they would probably be considered 
subspecies, if it was not for the existence of the area of overlap. Even so, 
the entire distributional picture indicates the former subspecific rela- 
tionship. Cases of this sort are not frequent, because, aside from some 
ecological competition, there is no reason why the two species should 
remain largely allopatric after the biological isolating mechanisms have 
developed to the point of complete reproductive isolation. As soon as 
such a species moves back into the range of a sister species (stage 4, 
p. 160), it is likely to spread so fast that all traces of the original allopat- 
ric condition are soon wiped out. This is particularly true for all large 
genera (with numerous species). Cases of slight overlap, as we shall pres- 
ently see, therefore indicate generally a rather recently completed estab- 
lishment of discontinuity between species. 

The overlap is usually due to the recent breakdown of a geographic or 
ecological barrier. Tanysiptera galatea now lives in South New Guinea 
side by side with hydrocharis, because the arm of the sea that had 
separated them previously (Fig. 15) recently dried up. T. hydrocharis 
lived on an island which connected the Aru Islands with the Oriomo 
River plateau. T. galatea was restricted to the mainland of New Guinea 
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and offshore islands. When the erosion debris of the rapidly rising central 
range of New Guinea filled the sea, T. galatea was enabled to intrude into 
the formerly isolated range of hydrocharis, but no interbreeding took 
place. A similar situation exists in a Venezuelan snake (Stuart 1941). 
Dryadophis amarali developed apparently from pleei stock during insu- 
lar isolation on Tobago Island or on the Paria Peninsula. Recent geo- 
logical events have led to an overlap of its range with that of pleeiy but ^ 
there are no signs of interbreeding. A third situation of the same sort has i 
been described in the case of a Florida dragon fly. The Florida species 
Progomphus alachuensis and the Cuban species P. integer developed in 
insular isolation from the eastern North American species P. obscurus. 

The reunion of the central Florida Island (Pleistocene) with the mainland 
of North America brought the ranges of P. obscurus and P. alachuensis in 
contact with each other . . . and P. obscums invaded north and north- 
central Florida. In north-central Florida the invading species overlapped 
the range of the endemic one, but remained ecologically distinct, inhabiting 
the rivers and streams, leaving the lakes for the species already established 
[Byers 1940]. 

More frequent than the joining of an island with the mainland is 
range expansion due to the breakdown of ecological barriers in connec- 
tion with climatic changes. The coming and the going of the ice during 
the Pleistocene age has been responsible for a great many such changes, 
of which very few have as yet been analyzed. It is not always clear 
whether the isolation was due to glaciation or occurred at an earlier date. 
Some authors, notably Salomonsen (1931), list a very high number of 
European species pairs as being due to Pleistocene separation; other 
authors hold that this separation was only in exceptional cases long 
enough to permit the development of interspecific gaps. The final deci- 
sion cannot be reached until we know more details as to climate and 
plant distribution during Miocene and Phocene. Until such time, cases 
discussed below will have to be treated with some reservation. There is 
an eastern and a western species in many genera of European birds. 
Stresemann (1919), who studied the distribution of the western Tree 
Creeper {Certhia brachydaciyla) and the eastern Tree Creeper (C. famiU 
tans), suggested that this peculiar pattern of distribution was of Pleis- 
tocene origin. When, at the height of glaciation, the Scandinavian and 
the Alpine ice caps approached each other in central Europe to within a 
distance of about 200 miles, they forced all European animal life into a 
southwestern (southern France, Spain) and southeastern (Balkans) ref- 
uge. During this period of isolation, the parental Certhia population de- 
vdoped specific differences and reproductive isolation and did not inter- 
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breed when the ranges of the expanding species finally met. (But see 
Steinbacher 1927.) Today the two creepers occur side by side without 
interbreeding, in a broad zone which extends from northwestern Ger- 
many to the Alps. Salomonsen (1931) explains on the same basis similar 
species pairs in the avian genera Hippolais {polyglotta western, icterina 
eastern), Luscinia {megarhyncha western, liMsdnia eastern), and Muad- 
capa (hypoleuca western, and albicollis eastern). A number of parallel 
situations exist among European amphibia. The western toad, Bombina 
variegata, became a mountain form during the glacial separation, while 
the eastern toad, Bombina bombina^ remained a lowland species. Range 
expansion after the retreat of the ice led to a considerable distributional 
overlap, but the two species remain effectively isolated, since they occur 
at different altitudinal levels. At a few localities there is an overlap of 
the altitudinal ranges, and it is in such places that intermediate (hybrid) 
individuals have been found. The two species can be hybridized in cap- 
tivity without diflSculty (Mertens 1928a, b). A similar overlap of ranges 
is shown in the case of two central European frogs, but the ecological fac- 
tor which keeps the two species separate is, in this case, the breeding sea- 
son. The western species {Rana esculenta) breeds from the end of May 
well into June, while the eastern species {Rana ridibunda) completes its 
breeding season before the end of May (Mertens 1928a). The two species 
of newts Tritums crisiaius and T, marmoratus developed apparently dur- 
ing glacial separation. There is now a narrow zone of overlap in central 
France, in which a few hybrids with reduced fertility have been observed 
(“T. hlasii^*), A similar case in presented by Triturus vulgaris and T, heU 
veticus. The present overlap between these two species is very consider- 
able, comprising the British Isles and the region between eastern France 
and western Germany. T. helveticus prefers the mountains, T. vulgaris 
the lowlands, but both have been found in the same waters, where lack 
of sexual aflinity prevents interbreeding (W. Herre 1936). The glaciers, 
which at the height of the Pleistocene era advanced into the Po basin 
from the southern foot of the Alps, separated very effectively a number 
of snail and insect populations, which lived on southern spurs or foot- 
hills of the Alps. These populations expanded when the ice retreated, 
and, even though they are still largely allopatric, there are now a num- 
ber of places where two of such “forms” overlap without any signs of 
interbreeding. Good examples of this can be found in the work of Klemm 
(1939) on the snail genus Pagodulina and of St. Zimmermann (1932) on 
Orcula. 

A few similar cases have also been described from North America, 
although isolation was not as long-continued and effective as in Europe, 
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where the formidable barrier of the Alps has been so important. The 
geographic ranges of the two mice Peromyscus leucopus and gossypinua 
are exclusive except for some areas of overlap in the Dismal Swamp of 
Virginia, in northern Alabama, and, more widely, in the lower Missis- 
sippi Valley. They occupy, in part, the same habitats, where their ranges 
overlap, but there is no evidence of any interbreeding in nature, except 
for two presumed hybrids reported from Alabama. The two species are 
very similar and fully fertile in the laboratory (Dice 1940b). Quite a num- 
ber of similar cases have been described from North American snakes, 
of which I shall report only a few. 

The polytypic species (or species group) Crotalus air ox (diamond- 
back rattler) exhibits very clearly the effects of isolation during the 
height of the Pleistocene age (Gloyd 1940). The species became sepa- 
rated into three portions, one on the west coast of North America, which 
developed into rnber] a second one in Mexico, which developed into 
atrox] and a third one in Florida, which became adainanteus. Additional 
populations were isolated on the tip of Lower California (lucasensis) and 
on some islands near Lower California (exsul and toriugensis) . After the 
retreat of the ice, the populations expanded northward, but the gap be- 
tween adamanteus and air ox in the lower Mississippi Valley was never 
closed. However, airox moved westward until it reached the border of 
the range of ruber in the western part of San Diego County, California. 
There are no hybrids or intergrades known from this district, but the 
forms (species?) seem to be ecologically separated. Another interesting 
case of speciation is presented by the species Crotalus viridis and miU 
chelliij which are very similar and the ranges of which are still largely 
exclusive. In southern California there is, however, a considerable area 
of overlap, without any signs of intergradation or hybridization. Among 
the North American bull snakes (Pituophis) there is an overlap of the 
ranges of the species of catenifer and sayi, which species indicate by their 
pattern of distribution that they were formerly subspecies of a single 
polytypic species (together with melanoleucus) (Stull 1940). The over- 
lap results occasionally in a limited amount of hybridization without an 
actual breaking down of the species limits. This happens for example, 
where the moth Platysamia cecropia overlaps the ranges of the closely 
related species nokomis^ Columbia^ and gloveri (Sweadner 1937). 

All these cases have one feature in common, namely, that owing to 
range expansion two formerly allopatric forms begin to overlap and to 
prove thereby to be good species. If no overlap existed and if we had 
to classify these forms merely on the basis of their morphological dis- 
tinctness, we would probably decide, in most cases, that they were sub- 
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' species. But overlap without interbreeding shows that they have at- 
tained species rank. 

Overlap of the terminal links of the same species , — ^The perfect demon- 
stration of speciation is presented by the situation in which a chain of 
intergrading subspecies forms a loop or an overlapping circle, of which 



Fiq. 19. Circumpolar projection of the ranges of the forms of the Larue ar- 
gerUatuB group, showing overlap of the terminal links of a chain of races. 

A ^ vegae: Bi » emiihsonianus: Bs >■ argenUUue; B3 » omiwus: C » oolt- 
fomicue: Di « ihayeri: D2 » leucopterue: £i ■■ heuglini: Ea antdiua: £3 « 
fuscue: £4 graellsi: Fi « numqdicue: Fa » cachinnane: F3 » miehahdlis: 
F4«i aUanUs, — L, fuscus (with graelUi) lives now beside L. argenUUus (with 
omUeus) like a go(^ species. (From Mayr 1940a.) 

the terminal forms no longer interbreed, even though they coexist in the 
same localities. To be sure, such speciation by force of distance is much 
rarer than speciation by strict isolation, but at the same time these 
cases demonstrate species formation by geographic variation in the most 
perfect manner. One of the reasons why such cases have not been re- 
corded in the literature more frequently is a purely psychological one. 
The puzzled systematist who comes across such cases is tempted to 
''simplify” them by making two species out of one ring, without frankly 
telling the facts. Overlapping rings are disturbing to the orderly mind 







Fig. 20. The closely related species of kingfishers of the Halcyon chloris groiip*8till replace each"other geographically (R), 
except in two places: Palau Island and the coast of eastern Australia. At both localities two forms live side by side as good 
q;>ecie8. (From Mayr 1940a.) 
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of the cataloguing systematist, but they are welcome to the student of 
speciation. 

In birds such cases are rather frequent, even though the situation is 
generally more complex than can be indicated in the subsequent discus- 
sion, The Great Titmouse {Parua major), for example, was apparently 
split into at least three groups during the Pleistocene (Rensch 1933). As 
the three groups came together again after the retreat of the ice, they 
either formed broad or narrow hybridization zones or they expanded 
into the same area (upper Amur Valley), behaving like good species. 
We now have both minor and major in the Amur Region, without signs 
of intergradation or hybridization, although the two ‘^species'' are con- 
nected via China-IndiarPersia through a completely linked chain. Simi- 
lar cases are those of the Larus argerUaiua group in northwestern Europe 
(Fig. 19) and of the Halcyon chloris group in the Palau Islands (Fig. 20). 
Additional cases are those of Zosterops in the Lesser Sunda Islands, of 
Lalage in southern Celebes, and of the honey buzzards (Pemis) in the 
Philippines. A more detailed analysis of the relationship of the babblers 
Eupetes caervlescena and nigricrissus in the Wanggar district of New 
Guinea may also lead to similar conclusions. 

The warbler PkyUoecopus trochiloides (Fig. 21) has a wide distribu- 
tion in Asia. It occurs over most of northern Asia and also on the moun- 
tains which surround the arid centrsd-Asiatic plateau. Two forms (nrt^ 
danus and plumbeitaraua) meet in the Altai Mountains (western Sayan 
and Uriankhai) without interbreeding. The two forms are connected by 
a gapless chain of intergradmg subspecies: obscuratica, trochiloides, and 
ItuUowi, The area of overlap is probably rather recent — of post-Pleisto- 
cene origin (Ticehurst 1938a). 

In the species PhyUoscopus collybita there is another possible case of 
coexistence of two “subspecies^^ within the same area. The race abietinns, 
which came from northern Europe, meets in the western Caucasus the 
subspeci^ loremii, which came from the Himalayas and the western 
central Asiatic mountains. Specimens of both forms have been collected 
during the breeding season in the same localities, although, in the main, 
the ranges of the two forms exclude each other. Nothing is known about 
possible differences of song, habits, and habitat in the area of overlap, 
but there are some indications that loremii is largely an altitudinal 
representative of abietinus (Ticehurst, op. cit.:42-s2). The ring is closed 
in the Pamir-Altai region, through the forms tristis and sindianus. The 
case of the House Sparrow {Passer domesticus) and the Willow Sparrow 
(P. hispaniolensis) is slightly different (see p. 268), but agrees in one re- 
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Ticehurst 1938a.) 

respect, namely, that two forms may have reproductive isolation in 
part of their range and may be interbreeding in other parts. 

The known number of cases of circular overlap in other animal groups 
is constantly increasing. The butterfly Junonia lavinia colonized the 
West Indies from South America and from North America (W. T. M. 
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Fig. 22, Overlap (without interbreeding) of Bubspecies of the deermoufle 
Peromyacus manicuUUua in Glacier National Park, i « artemisiae: 2 
arcticua: 3 = aoncrienaia: 4 = oagoodi. Habitat segregation is more or lees 
maintain^ in the zone of overlap. (After Osgood 1909 and other sources.) 

Forbes 1928). The two colonizing lines met in Cuba, where they now live 
side by side without interbreeding. Goldschmidt’s question (1940:120): 
“Would they be able to mate and produce fertile offspring, if brought 
together?” is beside the point. The point is not what they would do 
under the artificial conditions of captivity, but what they do in nature. 
Many good species can be crossed in captivity, but that does not in the 
least weaken their status as good species. A very interesting overlapping 
circle of races exists in the mouse Peromyacus tnaniculatiia. In Glacier 
National Park, Montana, a forest-inhabiting subspecies, P. m. arte- 
misiae, meets a grassland race, P. m. oagoodi, with no evidence of inter- 
breeding (Murie 1933). The failure of the two subspecies to interbreed in 
■the zone of overlap is only partly due to the differences in their ecologi- 
cal requirements, for at some places near the margins of their habitats 
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the two races live together without interbreeding. The two forms would 
undoubtedly be considered good species if the chain of intergrading 
races, now connecting them, were broken. (Fig. 22). 

The evidence discussed by me on pages 162 to 185 is, it seems to me, 
conclusive proof for the existence of geographic speciation: If an iso- 
lated population of a species remains long enough in this isolation, it may 
acquire biological isolating mechanisms which permit it, after the break- 
down of the isolating barrier, to exist as a separate species within the 
range of the parental species. The reproductive isolation, which originally 
was maintained by the extrinsic means of a geographic barrier, is being 
replaced during this isolation by intrinsic isolating barriers. One species 
has developed into two. 



CHAPTER VIII 


NONGEOGRAPHIC SPECIATION 


We have spoken of geographic speciation, up to this point, as if it were 
the only way by which new species can originate. This is correct for birds, 
so far as we know, and may have something to do with the fact that in 
birds the species, as such, is a very homogeneous natural phenomenon. 
The species of Australian or of North American birds, of mountain or of 
lowland birds, of terrestrial, fresh-water, or oceanic birds, the species of 
humming birds or of vultures, all of them are, biologically speaking, com- 
parable units. There is no certainty that all other animal species can be 
considered as strictly equivalent to the species of birds. Many kinds of 
species are known in plants (apomicts, allotetraploids, hybrid swarms) 
for which there is no counterpart among the bird species. But are there, 
perhaps, some unusual types of species among the invertebrates, and 
particularly among the lower forms? Taxonomic refinement in these 
groups has not yet reached the point where this question could be an- 
swered with any degree of positiveness. The mating types of protozoa, 
the hermaphrodite and parthenogenetic species, seem to represent spe- 
cies types which are different from the bird species, but these forms may 
be considered exceptional and their total number is apparently negligi- 
ble in proportion to the high number of ordinary bisexual species. 

ALTERNATIVES TO GEOGRAPHIC SPECIATION 

However, the fact that most species of animals have the same method 
of reproduction does not necessarily imply that all speciation is also of 
only one kind. The possibility is not to be disregarded that reproduc- 
tively isolated populations, e.g., species, may develop even in bisexual 
animals by several independent and basically different processes, which 
have in common only the final result, the origin of new species. In addi- 
tion to this possibility, one may also expect aberrant types of speciation 
in all animals with aberrant types of reproduction, as in self-fertilizing 
hermaphrodites and budding coelenterates. In view of this Hogben 
(1940) has recently proposed to speak of ‘^origins of new species/' To me 
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this seems an unnecessary refinement of terminology. No doubt there 
are many different origins of species, particularly if we include plants, 
but the word origin in * ‘origin of species^' is used as equivalent to a col- 
lective noun, like, for example, the word behavior. Different animals 
have different behaviors, but this has never been considered sufficient 
reason for speaking of the “behaviors of animals.^’ We prefer, therefore, 
to continue to speak of the “origin of species, even if species originate 
by a number of different processes. 

Let us now examine what other kinds of speciation are thinkable and 
what evidence exists for their actual occurrence. To repeat, geographic 
speciation is characterized by the gradual building up of biological isolat- 
ing mechanisms during geographic isolation. The primary factor is thus 
geographic segregation and isolation, and the secondary factor is the 
gradual accumulation of genetic differences leading to morphological, 
physiological, ecological, and ethological differences. If we are trying to 
find an antithesis to “geographic speciation,^’ it cannot be “genetic 
speciation” or “ecological speciation,” because these categories are not 
contrasting; in fact, they are largely overlapping. There is no geographic [ 
speciation that is not at the same time ecological and genetic speciation. ’ 
To separate these factors into different categories would be as erroneous 
as to classify animals into (i) vertebrates, (2) marine animals,' and (3) 
flying animals. The opposite of geographic speciation is obviously non- 
geographic speciation, e.g., speciation without geographic isolation, a 
process which might also be called “sympatric speciation.” Another 
alternative classifying principle for speciation processes would be the 
speed by which reproductive isolation is acquired. Speciation can be 
either instantaneous (polyploidy, “systemic mutations,” and so forth) 
or gradual (accumulative), as is all geographic speciation. This criterion 
may be used for a further subdivision of the phenomena of sympatric 
speciation, and we arrive then at the following classification : 

A. Geographic speciation < 

B. Semigeographic speciation 

(Origin of species gaps in zones of intergradation) 

C. Nongeographic speciation (sympatric speciation) 

(1) Instantaneous 

(2) Gradual 

This is a logical classification of speciation processes from the view- 
point of the naturalist, and we shall follow this general outline in our 
subsequent discussions. Geographic speciation has been fully dealt with 
in the preceding chapter, and this leaves us with the topics listed under 
headings B and C. 
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Origin op Species Gaps in Zones of Intergradation 

We understand by “semigeographic speciation'^ the development of 
species gaps between populations not completely separated geographi- 
cally. Very little concrete information on this process is available, and 
we must limit ourselves to a discussion of the basic points of this problem. 

Let us go back to our distinction between primary and secondary zones 
of intergradation (p. 99). A secondary zone of intergradation develops if 
(after a period of isolation) two forms meet which have diverged to a 
lesser or greater degree, but which have not yet acquired complete repro- 
ductive isolation. Dobzhansky (1941a) shows that there will be a pre- 
mium on homogeneous matings if there is the least reduction in the viabil- 
I ity of the hybrids. The slight original cleavage between the two forms 
I will develop under this condition into a complete gap between species. 
No logical or actual difficulties are encountered in these cases of second- 
ary zones of hybridization. The unfinished process of geographic specia- 
tion is merely completed by selective factors. 

The question as to whether species gaps can develop along zones of 
primary intergradation is more difficult to answer. Huxley (1939:511), 
for example, visualizes the following situation: 

Whenever two relatively large and uniform areas were separated by regions 
of relatively rapid environmental change, the effect of selection would be 
to produce two main types of gene-complex, each stabilized by its own set 
of modifiers giving maximum harmony and viability. So long as the popu- 
lation is continuous these will interbreed where they meet. But the recom- 
, bination between them being ex hypothesi less well adapted and harmonious 
than either of the two main complexes will remain restricted to a narrow 
zjQne and will not spread progressively through the population. 

Huxley cautiously stops at this point, but some other authors have 
postulated that a ^^tension^' of such force might develop in this zone of 
abrupt intergradation that it would lead to a breaking of the single spe- 
cies into two. It seems to me that this is too great a simplification of what 
actually happens in nature. To begin with, there is a continuous gene 
flow in the zone of intergradation (working in both directions), in con- 
nection with the normal dispersal of individuals within populations. This 
will prevent the development of harmoniously balanced gene systems 
which are integrated to such a degree that interbreeding between them 
necessarily leads to a reduction of viability. More important, however, 
is the possibility that a third balanced (and locally superior) gene com- 
bination will develop in the zone of changing euvironment. The existence 
of such a local population would guarantee an unimpeded gene flow be- 
tween the two neighboring balanced gene systems. It seems very un- 
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likely on these premises, provided normal population densities prevail,] 
that a biological ‘'tension*^ would develop in the zone of environmental 
change which would lead first to a partial biological discontinuity and 
eventually to a complete species gap. 

On the other hand, Huxley (ibid.) is on safe ground if he postulates 
that discontinuity could develop through partial isolation 

e.g. where an area of relatively sparse population is interposed between two 
areas of greater density which are further distinguished by some degree of 
environmental difference. The obstacle to free gene-flow will render it 
easier for selection to build up distinctive gene-complexes in the two dense 
areas, and their greater harmony and viability, once established, will ex- 
tend their ranges so as to decrease the intermediate area to a narrow zone. 

However, this is merely a special case of subspeciation in connection 
with incomplete dispersal barriers. The fact that so many viable hybrid 
populations have formed in areas of secondary intergradation (p. 263) 
warns against overrating the reduction of viability in zones of primary 
intergradation. 

It would seem advisable that an author should keep the above con- 
siderations in mind before announcing cases of sympatric speciation 
along ecological ‘‘fault lines.’^ It seems to me that nearly all such cases 
listed in the recent literature can be explained much better by consider- 
ing them cases of secondary breakdown of an interspecific reproduc- 
tive isolating mechanism. Furthermore, there is no need for the as- 
sumption of sympatric ecological speciation, now that we know that 
ecological differences, such as we find between closely related species, 
can be acquired by way of geographic variation. The extreme reduction 
or complete stoppage of gene-flow effected by geographic isolation pro- 
vides for a much-better-substantiated development of biological isolating 
mechanisms (including ecological differences) than sharp breaks in the 
environment within the range of widely distributed species. In fact, no 
case is known to me that could be cited as irrefutable proof for the latter 
type of speciation. 


SYMPATRIC SPECIATION 

We are now ready to consider the question As to whether it is not pos- 
sible in some animal groups to have speciation without geographic segre- 
gation. The isolation would have to be effected in such cases either in- 
stantaneously or by ecological specialization and the discontinuities 
would have to develop within a single local population, that is within 
a single interbreeding unit. We call this sympatric speciation. 
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The question whether and to what extent sympatric speciation occurs 
among animals is one of the most controversial subjects in the field 
of speciation. Unfortunately, most of the discussions of this subject have 
been largely speculative, and, if one attempts to gather well-substantiated 
data, one is surprised to find how little concrete knowledge exists. The 
deplorable confusion of terms used in this field makes an adequate treat- 
ment even more difiicult. Terms such as ^^ecological races, ^‘biological 
races,” “speciation by ecological specialization,” and so forth have been 
used freely, but they are not based either on adequate definitions or on 
an analysis of the concepts which they are supposed to support. This 
field is in such utter confusion that it seems impossible at the present 
time to render a well-classified presentation of the data, based on a 
searching analysis of the available knowledge. Furthermore, most of the 
recorded examples concern insects or marine invertebrates, and this 
makes a treatment of the subject even more difficult to an ornithologist. 
It seems impossible, in view of all these obstacles, to give more than a 
tentative survey of the field. We shall in the main content ourselves with 
an analysis of certain phenomena, such as ecological and biological races, 
sibling and cosmopolitan species, and “explosive” speciation. A better- 
balanced treatment will have to be postponed until more data are avail- 
able, but we hope that our discussion will stimulate the collecting of such 
data. 

Darwin thought of individuals when he talked of competition, strug- 
gle for existence among variants, and survival of the fittest in a partic- 
I ular environment. Such a struggle among individuals leads to a gradual 
change of populations, but not to the origin of new groups. It is now 
being realized that species originate in general through the evolution of 
entire populations. If one believes in speciation through individuals, one 
is by necessity an adherent of sympatric speciation, the two concepts 
being very closely connected. However, fewer and fewer situations are 
interpreted as evidence for sympatric speciation, as it is realized more 
I and more clearly that reproductive isolation is required to make the gap 
between two incipient species permanent and that such reproductive 
isolation can develop only under exceptional circumstances between 
individuals of a single interbreeding population. 

Instantaneous Sympatric Speciation 

The term instantaneous speciation means the production of a single 
individual (or the offspring of a single mating) which is reproductively 
isolated from the species to which the parental stock belongs. Such an 
individual would be the potential ancestor of a new species. Several 
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processes are known in the plant kingdom, such as autopolyploidy and 
allotetraploidy, which result in the spontaneous and instantaneous pro- 
duction of new species. Polyploidy is rare among animals, since it inter- 
feres with the sex-chromosome mechanism. Its occurrence is restricted to 
parthenogenetic and hermaphroditic species or to such races of normally 
bisexual and diploid species (Vandel 1934). Species produced in this man- 
ner have all the earmarks of blind alleys of evolution. However, the fact 
that polyploid individuals occur indicates that the production of individ- 
uals that are reproductively isolated from their parental stock is pos- 
sible. Hogben (1940) lists seven such possibilities: “(I) hermaphroditism 
combined with the possibility of self-fertilization, (II) the existence of a 
separate spore-forming generation, (III) parthenogenesis, (IV) produc- 
tion of individuals of either sex by clones from the same soma, (V) poly- 
embryony, (VI) obligatory close-inbreeding, (VII) the occurrence of an 
epidemic of similar mutations at the same time.” Let us now make a 
rapid survey of the evidence that would support the existence of these 
speciation processes. 

7 . — Hermaphroditism is common in certain groups of animals (Platy- 
helminthes, Oligochaeta, Hirudinea, and Pulmonate Mollusca), but, so 
far as the evidence goes, it is, with the exception of a few cases, connected 
with obligatory crossbreeding. The occurrence of instantaneous specia- 
tion (including polyploidy) is, in this case, as unlikely as in ordinary bi- 
sexual reproduction. Self-fertilizing hermaphroditism has real poten- 
tialities for the instantaneous production of new species, but, curiously ^ 
enough, most of the known cases concern single species in a genus or * 
single genera in a family, as for example the coccid Icerya purchasi or the 
nematode Anguiostomum. Self-fertilizing hermaphroditism is of wider 
distribution only among the parasitic cestodes, all of whom seem to be 
primarily self-fertilizing (except in heavy infections). The other cases 
mentioned are more in the nature of freaks and are rather to be consid- 
ered evolutionary dead ends than starting points. 

77 . — iSpore/ormafmn does not occur in animals. However, certain ani- 
mals alternate between sexual and asexual stages of which the latter cor- 
respond, as far as speciation is concerned, to the spore-forming genera- 
tions in plants. Asexual reproduction proceeds either by simple division 
or by various methods of budding. It is of widespread occurrence not 
only among protozoa, but also among the lower metazoa (sponges, ses- 
sile coelenterates, turbellarians, entoprocts, annelids, bryozoa, and tuni- 
cates). Its evolutionary significance is exactly the same as that of parthe- 
nogenesis (see below). 

HI. — Parthenogenesis is, in most of the animal groups in which it 
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occurs, a condition that alternates with ordinary bisexual reproduction. 
Plant lice (aphids), gall wasps (cynipids), and daphnias are well-known 
examples in which one or several parthenogenetic generations are fol- 
lowed by a bisexual one. The importance of this phenomenon for 
speciation lies in the possibility that a mutation which affects fer- 
tility or crossability can build up a population of such size during the 
asexual generations that it can survive afterwards as the ground stock 
of a new species (see p. 2 13). This is a potential mechanism, but how far 
it is of actual importance in speciation remains to be seen. It is significant 
that cynipid gall wasps with such alternating parthenogenesis show per- 
1 fectly normal geographic variation, of a degree comparable to the most 
^striking cases in bisexual animals (Kinsey 1930, 1936), but that, on the 
other hand, parthenogenesis is of wide occurrence among the cosmopol- 
itan animal groups and may be of importance in their speciation. Per- 
manent parthenogenesis is always an exceptional, freaky condition and 
seems to have no potentialities as a speciation mechanism. 

IV and V, Clones and poJyembryony, — Hogben lists some cases in 
which these reproductive processes might contribute toward the origin 
of new species, but these cases are entirely hypothetical. The probability 
is exceedingly small that a mutant would be produced that would be 
both viable and either cross-sterile or reproductively isolated from the 
parent. Furthermore, the examples cited were taken from families in 
which geographic variation is known to occur and geographic speciation 
may be expected. 

VI and VIL {^Vbligatory close-inbreeding^^ and ^*an occurrence of an 
epidemic of similar muiations at the same time^^), — These are purely 
genetic phenomena and I do not feel qualified to discuss them. The 
present evidence indicates that they can play at best a very minor role 
in the speciation process. As far as VI (“obligatory close-inbreeding ’ 0 
is concerned, it seems to be merely a restatement of the “Sewall Wright 
effect” of evolution in small populations. 

Summarizing all this evidence, we might say that there are a number 
of processes known, particularly among parthenogenetic and her- 
maphroditic animals, which permit instantaneous speciation, but such 
speciation is apparently rare, even where it is hypothetically possible. 

Gradual Sympatric Speciation 

In addition to instantaneous speciation, sympatric speciation is sup- 
posed to be possible also through the formation of ecological or biolog- 
! ical races that continue to accumulate differences until they have 
reached the level of specific distinctness. Some authors believe t^t this 
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type of speciation is of widespread occurrence. Careful recent studies 
tend to disprove this assumption, since most of the cases that were 
formerly quoted as proof for sympatric speciation have now been found 
to have been erroneously interpreted. It has frequently been overlooked 
(by the exponents of gradual sympatric speciation) that biological races 
can continue to exist as separate sympatric conspecific units only if they ^ 
can develop isolating mechanisms to prevent swamping. On the other ^ 
hand, the reproductive isolation must not be complete, or else we shall j 
have to consider these “races” good species. It will therefore be our first 
task to analyze the published cases of ecological and biological races, to 
separate them clearly from similar but unrelated phenomena (sibling 
species), and to study their isolating mechanisms. The speciation 
literature makes, curiously, a distinction between ecological races 
(habitat specialization) and biological races (host specialization). We 
shall adopt this classification for purely practical reasons, even though 
no sharp line can be drawn between the two categories. All biological 
races could equally well be called ecological races, and vice versa. 

The Ecological Race 

We have treated the geographic race, to this point, as if it were the 
only infraspecific category and have used the term subspecies as synony- 
mous with it. This is possibly an oversimphfication, and other authors 
prefer several subspecific categories. Rensch (1929, 1934), primarily on 
the basis of his experience with mollusks, distinguishes between two 
kinds of subspecies, the geographic race and the ecological race. Dice 
(i94oa:2i9), on the other hand, says: “The subspecies should be con- 
sidered primarily an ecologic unit.” It seems to me that it is misleading 
to make a strict distinction between ecological and geographic races. 
All geographic races are, at least to some extent, also ecological races, 
since the environment of no two localities is exactly the same and since 
we know that local ecological factors participate in the shaping of all 
local geographic races. It is therefore evident that we cannot define an 
ecological race (if such a category exists at all) as being one that is in- 
fluenced by the environment, as compared to the geographic race, 
“which is entirely due to geographical factors” (whatever that means). 
Such an antithesis is wrong and misleading. Botanists seem to be equally 
hazy as to how to distinguish between geographic races and ecotypes. 
This is obvious from a statement made by some of the leading students 
in this field (Hiesey, Clausen, and Keck 1942): 

As we extend our studies to populations in different climates, we notice 
that the differences attain a larger order of magnitude. We arrive at a point 
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where some taxonomists begin to wonder whether they are dealing with 
another species or merely with a variety or a subspecies. These are the 
climatic races, or ecotypes. Sometimes they are distinct enough morpholog- 
ically to be named as subspecies. 

It seems to me that any geographic race, is to be regarded a subspecies, 
whether it owes its principal characters to the selective properties of the 
local climate or not. More difficult to treat are habitat forms that are 
strictly localized. 

An author may find, for example, in the same geographic district, two 
different, but very similar forms in two different ecological niches or 
under the influence of two different sets of ecological factors. The mor- 
phological differences are more or less constant, but the author may con- 
sider them too slight to suffice for specific separation. Neither can the 
two forms be geographic races, since they coexist in the same geographic 
district (which conflicts with the definition). Nor can they be considered 
merely individual variants, since the difference is associated with a 
habitat difference. Therefore the author concludes they must be “ecolog- 
ical subspecies.’^ Such ecotypes, as have been described in insects, snails, 
and so forth, are usually restricted to distinct habitats, as meadow, 
forest, swamp, bog, sand dunes, and the like. Rensch, for example, 
describes in the snail Arianta arbustorum a meadow form which is high, 
pale, and opaque, a forest form which is flat, dark, and translucent, and 
a mountain form which is very much smaller (Rensch 1934: 74, fig. 19). 
Whenever similar ecological conditions reoccur in widely separated 
places, similar ecotypes may appear. At the edge of two habitats we 
generally find a broad zone of intergradation, such as Rensch has de- 
scribed for Arianta arbustorum at the edge of meadow and forest. 
Whether or not such very localized ecological races differ in their genetic 
basis cannot be determined except by breeding or transplantation experi- 
ments. There is much indirect evidence, which we have already discussed 
in Chapter II, that at least in animals the majority of such habitat 
races are primarily phenotypical, that is, they are modifications of a 
practically identical genetic background. It would be misleading to 
recognize such ecophenotypes as ecological subspecies. 

A different situation exists when the habitat of the ecological race is 
sufficiently extensive or isolated to have permitted the development of 
genetic differences peculiar to this population. I know of no definition 
by which such ecological races, the true ecotypes, could be distinguished 
from typical subspecies or at least from microsubspecies. For example, 
should we call a mountain race, which has differentiated from a lowland 
race, an ecological race or a geographic race? The characters of such a 
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race are, to a considerable extent, the direct result of selection by a 
specific set of environmental (ecological) factors, but would not this be 
equally true for most geographic races (except those that owe their 
characters to the Sewall Wright effect)? It might be possible to reach a 
better definition of the ecological race if we shift the emphasis from the 
factors which cause the differences (through selection) to those which 
permit the differences to remain localized. We might try to define a 
geographic race as a subdivision of the species which does not become 
obliterated (‘‘swamped”) by other populations of the species, because it 
is either geographically too distant or because it is effectively separated 
by geographic barriers. In contradistinction, an ecological race would 
be a form which does not mix with neighboring ones, because it is kept 
separated by ecological factors. So far so good ! But as soon as we try to 
apply this concept to practical cases, we run into difficulties. Let us 
again compare a mountain and a lowland race of the same species. No 
great distance is involved, since they approach each other within one 
or two kilometers, or even less. There are no pronounced geographic 
barriers between the two, because their ranges meet on the slopes and 
show intergradation. On this basis we should consider them ecological 
races. This point of view is strengthened by the fact that similar races 
occur on other mountain ranges. However, if we base our considerations 
on the cruising radius of the individual, we come to different con- 
clusions. We find that such genetically fixed races occur only in very 
sedentary or at least (philopatric) species. Species with a 

considerable random dispersal do not tend to the formation of ecological 
races, at least not of genotypic ones. In other words, a mountain race, 
in a sedentary bird or mouse or beetle, is, biologically speaking, geo- 
graphically isolated and thus a geographic race. This isolation is re- 
enforced by habitat selection, as we shall see in the next chapter (p. 246). 
Ecotypes among animals are thus nothing but microsubspecies, which 
owe their principal characteristics to the selective effects of a very local 
environment. 

The adherents of the ecological race concept overemphasize the corre- 
lation between environment and taxonomic characters. There are 
numerous instances reported of populations which live on mountains and 
in valleys, or in arid and humid areas, without any change in the sub- 
specific characters. A single subspecies is thus distributed over several 
ecologic units, without breaking up into ecologic races. Furthermore, 
the local environment very often affects conspicuously only a single 
character, such as pigmentation, which is correlated in desert mammals 
and larks with the color of the soil, while other characters behave in- 
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dependently or else are correlated with an entirely different set of en- 
vironmental factors. It would thus be erroneous to consider all the dark- 
colored races of certain rock mammals or all the small-sized pocket 
gophers as particularly closely related (as ‘^belonging to a single ecologic 
race^O- They may be composed of as many races as there are independent 
populations, no matter how difficult it may be for the taxonomist to 
distinguish them. A painstaking analysis will eventually show, in such 
cases, that the subspecies, which is recognized for practical reasons, is 
actually composed of a heterogeneous medley of populations, which 
have become similar by the convergent evolution of a few characters. 

Mountain and lowland races are, at least to some extent, geograph- 
ically isolated and can therefore not be quoted as typical ecological races. 
A number of cases have, however, been reported in the literature in 
which two (or more) so-called ecological races (which were clearly not 
ecophenotypes) were found at the same localities in which they were at 
least partially isolated. Is there any evidence that they developed in loco, 
and what is their prospective potentiality for speciation? Huxley has 
stated recently: 

We know relatively few cases of ecological species in statu nascendi. How- 
ever, Dice (1931) records two subspecies of Peromyscus in the same geo- 
graphical area, but separated by their ecological preferences for woodland 
and open country respectively. Worthington (1940) cites cases among fish; 
Dementiev (1938) gives examples of bird subspecies separated by altitude 
[Huxley 1940:4]. 

The implication of this statement is that in these cases populations 
diverge and reach sympatrically the subspecies stage on account of their 
ecological preferences. Actually, this does not seem to be true. Geo- 
graphic isolation preceded the formation of the ecological preference in 
every one of the quoted cases, so far as I was able to determine. Only 
after the geographic barriers had broken down was mutual swamping 
prevented by the establishment of ecological barriers. This is quite 
obvious if we examine these cases more closely. A Peromyscus overlap 
has already been treated by us in detail, and it is superfluous to add 
an3rthing to our previous discussion. Neither can Worthington^s or 
Dementievas cases be quoted as evidence for sympatric ecological 
speciation, as we shall see presently. A study of some other types of 
ecological races will also show that they acquired their ecological 
specializations as (micro-) geographic races. 

Altitudinal races , — We find in many mountain ranges, particularly in 
the tropics, that some species have different subspecies at higher alti- 
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tudes than on the lower slopes. Rand (1936) has examined this in detail 
for the birds of southeastern New Guinea and has found: 

Of the sixty species [of which he had sufficient material], nineteen species, 
or 31 . 6 per cent show some variation; in 15 or 25 per cent of the total num- 
ber of species examined there is an increase in size with altitude; in two 
cases or 3 . 3 per cent of the total the representatives from the higher alti- 
tudes are darker. In only one case, 1.6 per cent, are the higher altitude 
specimens smaller. In one case, i . 6 per cent, the higher altitude specimens 
are of a paler color. Of the sixty species discussed, seventeen, or 28.3 per 
cent, show an increase in size or in pigmentation with increase in altitude, 
while in only two, or 3 . 3 per cent, of the cases is the reverse true. 

The altitudinal variation is more common in the small, passerine birds. 
Thus, of the 22 non-passerine species, 5, or 22.7 per cent of them show 
altitudinal variation, and this in size only; of the 38 species of passerine 
birds, 14, or 36.8 per cent, show altitudinal variation. 

The change is so gradual in most cases that it is impossible to recognize 
subspecies, even though the extremes may be quite different, a situation 
equivalent to that in Cacatua galerita triton described above (p. 37). 
Altitudinal subspecies are recognized in only 8 species, but the habitats 
of 3 of these are discontinuous (grassland birds) (Fig. 26). 

Chapman (1931) found some altitudinal variation on the table moun- 
tains of southern Venezuela (Mount Roraima, Mount Duida). The 
clear-cut, unbridged difference which exists between some of the low- 
altitude and high-altitude races of these mountains is not surprising, 
since their habitats are separated in the most effective manner by a cliff 
which is more than a thousand feet high. No such barrier exists on most 
other mountain ranges, and the intergradation between the lowland and 
highland populations is therefore generally very gradual. Among the 8 
species of southeast New Guinea birds with altitudinal races, there are 
only 2 the subspecies of which are separated by striking discontinuities 
(in the species Melidectes belfordi and Ptiloprora guisei)f even though 
the habitat is continuous. Rand {loc. cit.) has therefore suggested that 
the contact between these conspicuously different forms is a secondary 
phenomenon and that the differences originated during a former period 
of much more effective isolation. The facts of the distribution of the re- 
lated subspecies of these two species support this assumption. It is 
strengthened also by the findings yielded by an analysis of the fauna of 
the mountains of the Burma- Yunnan frontier in southeastern Asia 
(Mayr 1940b). Two faunas meet here at an altitude of from 5,000 to 
8,000 feet, below a tropical fauna which came from northern India and 
above a subtropical fauna which came from southwestern China. In at 



NONGEOGRAPHIC SPECIATION 


198 

least 10 or 12 bird species, pairs of subspecies come into contact in this 
zone, which are strikingly different, sometimes almost to the degree of 
specific difference. It seems reasonable in these cases to assume that the 
present contact is of rather recent date and that the ecological difference 
did not develop in loco, but rather as the by-product of a general di- 
vergence produced in geographic isolation, which probably took place 
during the last glaciation. In many of the cases listed by Dementiev 
(1938), we also find that the two altitudinal subspecies, which are 
separated by pronounced taxonomic gaps, belong to different faunas and 
can have reached their present proximity only recently. They certainly 
cannot be quoted as evidence for S3rmpatric speciation. The ecological ^ 
difference may become very pronounced in some of these cases and will 
give active support to biological isolating mechanisms, if by secondary 
expansion the ranges of such previously geographically separated forms 
come together again. If the break between the habitat is sharp and the 
, two subspecies have developed strong ecological preferences during their 
1 isolation, they will remain as neatly separated as if they were living on 
j two different islands. 

Seasonal races. — Another type of ecological race is presented by the 
f so-called seasonal races. It happens occasionally that two or more 
i sympatric populations of one species are kept separate, because their 
' reproductive periods do not coincide. The second annual generation of 
certain species of mayflies {Ephemerids) is sometimes the descendant, 
not of the first generation of the same year, but of the last one of the 
previous year. The same species may have in other streams merely 
seasonal peaks in the number of emergent individuals, instead of clearly 
separated generations. The various broods of periodic insects are good 
examples of isolation by breeding period. The seventeen-year cicada 
{Magicicada septendecim) has, for example, five major and four minor 
broods in West Virginia, which are independent of each other. Most of 
these broods have a wide range in eastern North America (Craig 1940). 
There are no morphological differences known between the members 
of the various broods, but certain distributional features suggest that 
the various broods, or at least some of them, might have been geo- 
graphic races at former times. This is plausible, since locally adverse 
conditions may cause a postponement of the year of emergence. That 
the seasonal races of certain marine fish have developed as local popula- 
tions is established without doubt. In the herring {Clupea harengus), for 
example, Schnakenbeck (1931) distinguishes thirteen geographic races 
in eastern Atlantic waters between the western exit of the Channel and 
Iceland (including the North Sea). The spawning grounds of several of 
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these races overlap to a considerable extent, but the breeding seasons 
are different at these localities. In the southern North Sea two races 
overlap, the “bank herring,*’ which breeds from August to October, and 
the “spring herring,” which breeds from March to May. Even though 
they mingle in the same school in the zone of overlap, they are com- 
pletely isolated and furthermore morphologically characterized by their 
different variation curves. Cu^not’s (1933) case of two presumable races 
of the cuttlefish Sejna officinalis is not equally well established. A com- 
parable situation is possible in migratory tropical birds. It is thinkable 
that a race, whose range extends from the equator southward and which 
nests from September to November, overlaps near the equator the range 
of another subspecies, whose range extends from the equator northward 
and which breeds from February to May. No definite cases are known, 
but Dr. Chapin tells me that some indirect evidence points to its oc- 
currence in two African species. The breeding ranges of the north and 
south equatorial races of the kingfisher Halcyon leucocephala overlap 
perhaps at Buta, Uelle, Congo, and those of the hoopoe Ujmj>a epops 
at Entebbe, Uganda. That certain subspecies occur as winter visitors in 
the breeding range (and during the breeding season!) of other subspecies 
of the same species is of common occurrence and will be discussed in 
a later chapter {Eurysiomus^ p. 253). 

We may summarize our conclusions on ecological races as follows; 

1. No evidence exists for most so-called ecological races which would 
indicate whether they are merely phenotypical or whether their mor- 
phological differences have a genetic basis. 

2. There is no criterion by which well-localized and genetically char- 
acterized ecological races or ecotypes can be distinguished from micro- 
subspecies. There is every degree of intergradation between subspecies 
of which the most obvious characters are the selected product of a local 
environment and those of which this does not seem true. 

3. No process is known which would permit the development and , 
perfecting of biological isolating mechanisms in “ecological races,” as 
long as they are in wide contact with neighboring populations. ♦ 

4. Whenever two neighboring (or even partly overlapping) subspecies 
are distinguished by strong ecological differences, it can nearly always ’ 
be shown that these differences were acquired prior to the period of geo- 
graphic contact and that the present contact is a secondary condition. 

5. There is, at the present time, no well-substantiated evidence that 
would prove (or even make probable) the development of interspecicfi 
gaps tl^ugh habitat specialisation. The cases recorded as such have 
all the characteristics of zones of secondary intergradation. 
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Sibling Species 

We have defined as sibling species S3m[ipatric forms which are morpho- 
logically very similar or indistinguii^bley but which possess specific 
biological characteristics and are reproductively isolated (see p. 151). 
Sibling species and ''biological races” have been so consistently confused 
by several recent authors that it is necessary to analyze the sibling 
species problem thoroughly before we can attempt to discuss intelli- 
gently what we consider bona fide biological races. 

It is a fact well-known to the experienced taxonomist that, in addi- 
tion to clear-cut species there are, in nearly every order and family of 
animals, groups of species which seem to resist analysis. The borders 
between species, subspecies, and varieties seem to be so vague that 
nobody knows just how many species should be recognized. The final 
analysis of such groups shows invariably that two, three, or more well- 
defined species are involved, which differ from "ordinary” species in 
only the one respect that the differences in the examined morphological 
characters are very minute. Several good species were listed under a 
! single specific name until the time when the minute differences between 
jthem were discovered. Several such incompletely analyzed species 
groups occur in the genus Drosophila. Drosophila **obscura” and **affinis^* 
are best known, but a number of additional sibling groups have recently 
been discovered by Spencer and by Patterson and his coworkers. 

In birds, sibling species are not very common. Sympatric species are 
generally sufficiently different to permit easy recognition. Among 568 
species of New Guinea birds we might quote the following as sibling 
species: Collocalia vanikorensis and hirundinacea, Pachycephala peo 
ioralis, soror and meyeri, Pachycephala schlegeli and lorerUei, Sericomis 
nouhuysi and beccarii, Manucodia jobiensis and chalybatWf Meliphaga 
anahga, gracilis^ orientalis, flavirictris, and albonotaiay Melanocharis 
nigra and hmgicauda, Zosterops minor and novaeguineae, Erythrura 
trichroa and papuana. The specific distinctness is now well established 
in all these cases except that of Mdiphaga analoga and albonotata, and 
is in some cases corroborated by field observations. Altogether the 
sibling species comprise less than 5 percent of the New Guinea bird 
fauna. In Europe and North America all the cases of sibling species 
among birds were cleared up more than forty years ago, and it is only 
in the tropics that such difficulties still exist. I have listed recently 
(Mayr 1940a :a 50) the principal bird genera in which such taxonomic 
difficulties have been cleared up in recent years. In some cases the color- 
ation is almost identical, but there is a considerable difference in size be- 
tween the two members of the sibling pair, for example in Afeomaia, 
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Brffthrura, Myiarchus, Ramphastos, and PhyUastrephua (Chapman 
1924). Sibling species in birds involve nearly always dull-colored forms. 
They are encountered only veiy rarely in genera containing species 
that are not only very bright and colorful but also possessing complicated 
color patterns. It was foimd recently (Ma3rr 1940c) that the common 
minivet Pericrocotiis ‘‘brewrostm" of the taxonomist (from India, 
Thailand, Indochina, and south China), consists really of two species. 
These brilliantly colored birds had been studied by the leading ornithol- 
ogists of the world, but all of them had been deceived. The differences 
between the two species (breviroatria and eLhohgua) are quite slight; in 
breviroatria there is less black on the third innermost tail feather than in 
ethologua; ethclogua has some red along the outer margins of the inner 
wing feathers (which is absent in breviroatria) ; the red of breviroatria is a 
little deeper, less orange than in ethologua, and so forth. Ticehurst 
(1938b), discussing the similarity of two such sibling species, the bab- 
blers Oamdax pectoralia and moniliger, writes: 

These two species afford one of the most remarkable cases of parallelism in 
ornithology. Apart from two small characters, the difference between the 
two is that of sise, the largest moniliger practically overlapping the smallest 
pectoralia. If the two were separated geographically they would at- once be 
eonsidered races of one species. Yet so far from being separated geographi- 
cally they are not even, like some closely-allied species are, separated by 
difference in terrain; indeed, where one is found the other frequently b also, 
even in the same hunting party. Their nests, habits, eggs, courtship, and 
terrain are identical; they share the same ecological niche. Furthermore, 
when the form of the one changes geographically — as it does in southern 
Burma, pectoralia to meridionalia — moniliger changes to fuacata in the same 
area, and the differences between these races and the typical forms are the 
same in both species — the substitution of buff-coloured tips to the tail for 
white. Farther east in Indo-China the forms are again changed, and both 
tend to show the same differences — a darkening and saturation in colour. 
Yet it is quite clear that we have here two species. I have never seen a 
specimen which was not definitely one or the other and, moreover, in parts 
of the distribution of the two the status is by no means equal, the one or 
the other being much more the commoner. In Burma the ear-coverts in both 
pectoralia and moniliger vary very much and may be black to almost white. 
The measurements are as follows: 

Adult cr 9 (pectoralia): wing 140-152; tail 130-144; bill from skull 31, 
32-36 mm. 

Adult cf *9 (moniliger): wing 119.5-132; tail 120-13 2; bill from skull 
27-32.5 mm. 

On account of the excellent progress made in recent years, there are 
only a few avian genera left (for example, the cave swiftlet CoUocalia 
with about 16 species) in which the species have not yet been com-** 
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pletdy analyzed. Considering that there are about 8,500 species of Iwds 
in the world, the number of ‘‘diflicult'^ species is so small that it does not 
amount even to one percent. The eventual elimination of all such cases 
may perhaps be considered the most tangible result of taxonomic work. 

Sibling species are known from nearly every family of animals, al- 
though they seem to be more common in some groups, such as the 
diptera, for example. Cepaea nemoralis and horiensts among the snails 
and Pieris napt, rapae, and hrasatcae among the butterflies are well- 
known European examples of sibling species. Alkins (1928) analyzed 
biometrically the differences between the two similar snails Clatmlia 
rugosa and cravenensia and proved their specific distinctness. A study of 
the diagnostic differences between the stone marten {Maries foina) and 
the pine marten {M. martes) showed that they were not as similar as 
had been believed. There are at least five characters that permit unmisr 
takable diagnosis, and not a single intermediate or hybrid was found 
among several hundred specimens examined (Streuli 1932). The two 
European wood mice Apodemus aylvaticua and flavicollta are much more 
similar, and some authors claim even today that the two forms are only 
ecological races or color phases of one species. No single character of 
size or of coloration is by itself clearly diagnostic, but by correlating all 
the characters K. Zimmermann (1936) had no diflSculty in assigning 
definitely every single live specimen or well-prepared skin to one or the 
other of the two species. The characters of the doubtful npecie^ flavicollis 
are (as compared to aylvaticua): (i) greater size, (2) longer body ap- 
pendages (tail, ear, foot), (3) more rufous upper parts, (4) a yellowish 
mark on the fore-neck, (5) under parts purer white, (6) tail with more 
rings, (7) skull larger and less rounded. In large parts of the range, 
particularly in the northern parts there is also an ecological difference, 
fiavicoUia lives in the woods or in scrubby growth, and ayhaiicua in the 
fields. No intermediates are found where the two habitats meet, as for 
example at the edge of woodlands and open fields. This clear ecological 
separation does not exist in the more southerly parts of the ranges of 
the two species. All this proves their specific distinctness, and it is 
therefore nonsense to call them ecological races, as some authors have 
done. The fleas which parasitize these mice present equally puzzling 
complications (Jordan 1938). Mtiller and Kautz (1940) consider the 
differences between Pieria bryoniae and napi to be those of sibling species, 
but it is also possible that bryoniae is an altitudinal subspecies of napt. 

There is a difference between the ecological preferences of the sibling 
species in all these cases. Diver (1940) has analyzed this difference more 
closely with the help of modem ecological methods. The plant com- 
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munities of an area of 750 acres on the South Haven Peninsula, Dorset, 
England, were carefully plotted and the animals recorded on this back- 
ground. Three species of the fly genus Syrphvs were recorded, at one 
time or another, from 35 major habitat loci. But all 3 species co-occurred 
only in 9 percent of the stations, two in 31 percent, while only one 
species was recorded in the remaining 60 percent of habitat loci. Similar 
results were obtained in the genera CramJms, Myrmica^ Laaiua^ Sj3/iaer<h 
phoria, and Cepaea. In a few exceptional cases it was not possible to find 
even quantitative differences between the habitat preferences of two 
similar species, as for example between the hover flies Sphaeraphoria 
Bcripta and menthastri. Similar but less accurate surveys have been 
undertaken by other authors: Kramer and Mertens showed (1938b) 
that each of the 3 closely related and very similar lizards Lacerta muraliSf 
mcula, and melisselensis was ecologically characterized; Bragg and 
Smith (1941) showed that every one of the 7 forms of toads {Bufo) 
that occur in Oklahoma are restricted to one or several habitats with 
but little overlap. 

Among students of ants it is customary to call sibling species “sub- 
species’' or “varieties,” even though they live side by side in the same 
habitat and behave like good different species. Cole (1938) attacks this 
convention with good reason, but then he proceeds to describe as a new 
subspecies what on the basis of his own data cannot be anything but a 
sibling species. In the genus Pogonomyrmex he finds one form {owyheei) 
restricted to sand dunes, where it makes small mounds, with single 
central entrances that are surrounded by borders of chaff. The other 
form (occidentalis) makes large pebble mounds in the sagebrush {Arte- 
misia irideniata) areas surrounding the sand dunes. The workers differ 
in size (5.0-5. 5 nun. against 7-10 mm.) and color, and even the queens 
show certain structural differences. The differences are slight, but clear- 
cut, and no intermediates have been found, not even where the two 
habitats meet. We have no choice, on the basis of these data, but to 
consider the' two forms as sibling species and not as ecological races or 
subspecies, as was done by Cole. 

It is a widespread custom among entomologists to call two forms 
“biological races” if they occur at the same localities and show certain 
biological or ecological differences, but are very similar morphologically. 
This taxonomic terminology is the consequence of a purely morpholog- 
ical species concept, a concept which determines the rank of a form by 
the degree of its difference. When C. L. Brehm discovered, about 1830, 
that the common Brown Creeper of Europe actually consisted of two 
exceedingly similar sibling species of birds {Cerihia familiaris and 
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brachydactyla), his opponents called them ecological races and claimed 
that the differences in the length of toe and bill of the two forms were due 
to the fact that one lived on trees with a smooth bark and the other on 
rough-barked trees. Ornithologists refused for almost seventy years to 
admit brachydadyla as anything but a subspecies of famtliaris, since 
they could not believe that two good species could be so similar. Numer- 
ous parallel situations have been reported in entomology. Emerson 
(1935) found two very similar species of termites (Nasviitennea), which 
differed more in the termitophile fauna of their nests than in morpho- 
logical characters, and recorded them as sibling species. Thorpe (1940) 
refuses to accept this interpretation and lists the two forms as biological 
races. Fulton^s so-called biological races of tree crickets are also ob- 
viously sibling species. Hering (1935) reports the case of two similar 
flies (Ceriocera) which parasitize the plant Centaurea scabiosa. The larvae 
of one live in the stem, those of the other in the flower. The adult flies 
differ primarily in size. Hering considers that the “stem fly^^ developed 
from the “flower fly^^ by ecological specialization. However, this in- 
terpretation is not very convincing, since he fails to indicate how sexual 
isolation could have developed between forms that live in different 
parts of the same plant and have flying imagines. It must not be for- 
gotten, as Dobzhansky (i94ia:28i) points out, that mutants appear in 
populations at first as heterozygotes, and that therefore inviable or 
sterile heterozygotes are eliminated from further reproduction, regard- 
less of how well adapted the new mutant might be in a homozygous con- 
dition. The newly arising stem flies would therefore have one of two 
fates, unless protected by geographic isolation. They would either be 
heterozygous for a potential isolating mechanism, but would be swamped 
for lack of spatial or ecological segregation, or they would be heterozy- 
gous for the factor controlling ecological preference, but would be elimi- 
nated for lack of an isolating mechanism. Homozygosity cannot develop 
for these reasons, unless mass mutation occurs, and geneticists are 
skeptical about this possibility. 

Hering (1936) reports some additional similar oases, but they are open 
to the same objections. The different forms described by him are either 
phenotypes or sibling species. He presents no evidence that they are 
ecological subspecies and that they can be regarded as proof for ecolog- 
ical speciation. The same objections are valid in regard to most of the 
“biological races^' reported by Thorpe (1940). Drosophila pseudoobscura 
“races’’ A and B constitute such a case. They are apparently not only 
completely reproductively isolated, but they are even partially sterile, 
if crossed artificially. Dobzhansky (1941a), who has stuped these forms 
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more tboroo^ily than anybody else, is now also convinced that they are 
two good specks. They are characterized by a number of physiological 
differences, which concern the length of the pupal period, egg-laying 
curve, oxygen consumption, resistance to starvation, and so forth. There 
are significant statistical differences between the number of teeth on the 
proximal sex-combe of the males, and smaller, but still significant differ- 
ences in regard to certain measurements (wing, tarsus) (Mather and 
Dobzhansky 1939). It was found recently (Reed et al. 1943) that the 
range of the wing-beat frequencies, which in turn depends on the size 
of the wing area and on the thoracic muscle mass, permits an accmate 
determination of the two sibling species. 

The so-called “biological races” of the malaria mosquito Anophela 
maculipermU are, in view of their medical importance, particularly 
famous and well analyzed and therefore deserve special attention. It 
may be mentioned at the outset that all the modem work proves con- 
clusively that these “races” are nothing but sibling species, a view first 
advanced by de Buck, Schoute, and Swellengrebel (1934). According 
to the latest revision (Bates 1940), there are at least 5 but probably 6 
good European species. These species (as well as some of their geo- 
graphic races) differ in regard to their egg-floats, the larval chaetotaxy 
(or number of branches of the antepalmate hair of the fourth and fifth 
abdominal segments of the grown larva), number of maxillary teeth in 
the adults, larval tolerance for sea water, swarming behavior, other 
epigamic bdiavior patterns of the male, feeding behavior, ability to 
hybridize, and geographic and ecological distribution. The important 
point k that the form, cdor, and composition of the egg-floats is definitely 
diagnostic and that it was possible, by raising the mosquitoes in the 
laboratory as well as by studying them in their native habitat, to as- 
sociate definite ecological and behavior characteristics with definite egg 
types and larval structures. The vast number of European “races” of 
the AnopheUa maetdipennu type, which have been described in the 
literature, may be grouped into 6 discrete units, which are characterized 
by morfdiological features of the egg, larva, and adult, and by ecological 
and etbological criteria. They are 6 natural sympatric units which are 
reizroduotlvely isolated and must therefore be considered good species. 
These species are: 

1. A. macuUpennit k apparently without significant geographic 
variation in Europe, where it k widely distributed. It k not, or but 
rarely, a malaria carrier; it prefers to lay eggs in small bodies of water 
(pools, ditches, and small streams). 

2. A. meateae k a Ckntinmital Ehiropean type which k absent from 
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the wanner parts of the Mediterranean. It likes great inland river valleys 
and large marshes, does not take blood during the cold part of the year, 
and is not (or but rarely) a malaria carrier. Possibly it has some geo- 
graphic variation; larvae from Albania and Hungary have a smaller 
number of branches of the antepalmate hair (14.82) than German 
(16.9) or Dutch (18.2) larvae. 

3. A, melanoon is a Mediterranean species which is not normally a 
malaria carrier. It breaks up into two well-defined (geographic) sub- 
species: 

A. m. melanoon . — Italian Peninsula. Upper surface of egg dark, with- 
out pattern. 

A. m. suhalpinus . — Spain, northern Italy, and throughout the Bal- 
kans. Upper surface of egg with a pattern of light and dark areas: Two 
transverse black bars near the ends of the floats, with a few irregular 
black patches in the area between the bars. 

4, 5. A. lahranchiae and A. atroparvus . — The common malaria mos- 
quitoes of Europe break up into a number of local races, which fall into 
two major groups, lahranchiae and atroparvus. These two groups are 
very similar in most of their morphological and ecological characteristics 
and are almost completely allopatric. There is, however, some over- 
lapping in central Italy, and no hybrids have been found in the mixed 
population. Furthermore, the Fi males of an artificially produced hybrid 
population are sterile. There is also one striking ethological difference 
between the two: atroparvus males will mate with females without 
swarm formation, while lahranchiae must swarm, although it will form a 
swarm in a cage only i m. high and 50 cm. wide. These data, as well as 
some other differences between the two forms, indicate to me that it is 
more correct to consider the two forms species than subspecies. The 
Morocco population of lahranchiae has been separated as siccaulti by 
Roubaud, and the Sicilian population as pergusiae by Missiroli. In 
atroparvus Roubaud separates a Normandy population as fallax and a 
Portuguese population as camhournaci, but the work of Bates indicates 
that these geographic races may not really be distinct. 

6. A. sacharowi (= elutus ). — This is a very distinct species, well 
characterized in the egg and adult, but still clearly a member of the 
maculipennis group. It is very tolerant to salt water and lives in the 
eastern Mediterranean and the Near East. 

Some of the important differences between the six species are as 
follows: A. lahranchiaBy atroparvus f and sacharowi are malaria carriers; 
A. maculipennis j melanoon^ and messeae are not. A. atroparvus will 
mate in a very small cage without swarm formation, lahranchiae in a 



NONGEOGRAPHIC SPECIATION 


207 


small cage (i x 0.5 m.), sacharowi in a room-sized cage, and maculi^ 
pennis in a very large outdoor cage, while it has been impossible, so far, 
to induce melanoon subalpinus to mate and swarm in captivity. A. 
maculipennia and A, mesaeae have very low tolerance for salt-water, in 
melanoon it is slightly higher, in atroparvus and labranchiae it is still 
higher, and sacharowi larvae survive sometimes in a 50-percent sea- 
water solution. Every time that a new ecological, physiological, or 
ethological character has been analyzed, new differences between these 
species have been found. Further details can be found in the reports of 
Bates (1940, 1941a, b), where a review of the earlier literature is also 
given. As Bates (1940:349) states, it is certainly not admissable to quote 
the Anopheles evidence ^^as an argument against the role of geographical 
isolation in the formation of species.’^ I have presented the case of the 
sibling species of the maculipennia complex in so much detail because 
this situation is of considerable help in understanding other cases of 
“biological races, reported in the literature. 

Sonnebom, ICimball, and Jennings showed that the individuals of 
several species of ciliates can be divided into groups, the individuals 
of which will not conjugate with individuals of the other groups (Sonne- 
bom 1941). In Paramecium buraaria, for example, 3 such mating types 
occur. All 3 groups have the general form, structure, and size that is 
characteristic of P, huraaria, all have the type of micronucleus known 
for this species, and all contain the characteristic green algae cells. In 
groups I and II mating reactions occur mainly or exclusively in the day- 
time, particularly in the afternoon, while in group III they may occur 
at any time of day or night. There is also a shght indication of differ- 
ences in geographic distribution. Whether or not these mating types 
are equivalent to the sibling species of the higher animals must remain a 
moot question until we know more about speciation in protozoa. 

The differences between sibling species are sometimes very slight; in 
fact, as Thorpe says (1940:343): “There seems no doubt that finally in 
certain cases no satisfactory structural differences will be discoverable, 
and it will be then essential to distinguish some perfectly good species 
on biological grounds alone.'^ This puts the taxonomist in a quandary. 
Shall he recognize species which he cannot diagnose? An author who 
adheres to a strictly morphological species definition may and will re- 
fuse to recognize sibling species that are morphologically indistinguish- 
able. In doing so, he ignores the fact that species are not his own arti- 
ficial creations, but products of nature I A taxonomist who thinks in 
biological terms will accept these sibling species more readily. And in his 
museum work he will simply put the specimens of Anopheles measeae 
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^ and A. atroparvus in the drawer where the mosquitoes of the Anopheles 
maculipennis group are kept. No reasonable person will ridicule him if 
he explains that the members of this group cannot be identified down to 
the species, unless additional differences between these species are 
discovered. 

The fact that sibling species exist is, to my mind, not surprising. 
After all, our taxonomic characters are visual cues, and it is quite reason- 
able to expect that the species divergence (particularly in nonoptical 
animals) should affect different sensory fields, for example, the olfactory 
sense (special scents) or the auditory (wing vibrations, and so forth). 
There is little doubt that such sibling species as Drosophila pseudo- 
obscura A and B show specific differences of this kind, but the human 
sense organs are simply not capable of discovering these differences. 
There is no reason why ''reproductive isolation'^ (and that is, after all, 
what the term "different species’’ means in modern biology) can not 
develop without a conspicuous change of the basic pattern. Indeed, it is 
almost more puzzling that the acquisition of reproductive isolation is so 
often combined with the acquisition of distinct morphological novelties. 
Even in the most similar sibling species, morphological differences are 
nearly always found when looked for. The chromosomal differences be- 
tween the two species Drosophila pseudoohscura A and B are as striking 
and reliable as the differences between the external characters of certain 
species of birds or the internal characters of certain species of nematodes. 

Biological Races 

The fact that so many so-called "biological races” have recently been 
unmasked as geographic races or ecophenotypes or as sibling species 
does not mean that biological races are altogether nonexistent. It seems, 
however, appropriate to restrict the use of the term to the host races of 
parasitic and semiparasitic animals and of monophagous food specialists. 
"A biological race may be said to exist where the individuals of a species 
can be divided into groups usually isolated to some extent by food 
preferences occurring in the same locality and showing definite differ- 
ences in biology, but with corresponding structural differences either 
few or inconstant or completely absent” (Thorpe 1930:177). Such 
biological races may live in the same localities without mixing, if repro- 
duction takes only place on the host. New biological races may develop 
almost spontaneously as single individuals become conditioned to new 
hosts: 

Certain experiments have been carried out whereby it has been possible to 
induce some kind of insects to feed upon an unusual food plant in the ab- 
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Bence of their normal host. In the next generation the preference for the 
new food plant became so marked that the original host was refused. . . . 
Once an insect has fed upon a new food plant, from the youngest larva or 
nymph onwards, it has become conditioned to that plant. This conditioning 
impresses itself upon the chemotropic behavior of the female to the extent 
that she selects the same plant species for egg-laying. Her progeny feed upon 
this same host and this may go on generation after generation [Simms 

1931*405.] 

It is conceivable that species may evolve from these ^^chemically^’ 
separated races through mutations that affect reproductive behavior 
and sterility, although it seems as if nothing would prevent the randt)m 
mating by males, in other words, swamping. The fact that the two races 
live in two different (chemical) environments should speed the diver- 
gence, once it has become firmly established. To what extent speciation 
actually proceeds along the above lines is still a moot question. Even in 
the latest reviews of biological races (Thorpe 1930, 1940), no definite 
distinction is made between geographic races, ecophenotypes, sibling 
species, and host races. Nearly all the cases described relate to insects, 
and it is impossible for an ornithologist to assort them critically. 

Changes in food habits occur, even in birds. Famous is the case of the 
New Zlealand parrot, the kea (Nestor notabilis), a species which fed 
largely on insects and vegetable matter before the island was colonised 
by Europeans. After sheep had been introduced, it developed a taste 
for their meat by feeding on dead sheep and eventually began to attack 
live animals. Changes of feeding habits are much more common in in- 
sects. In fact, most of the dangerous insect pests of cultivated plants 
originate through changes in the food preference of formerly harmless 
species. Plesicoris rugicoUis, an English willow bug, turned to apples in 
1918 and has become a serious pest. Thorpe (1940) and Dobzhpnsky 
(1941a) record a number of similar instances. It is known only in a very 
few cases whether any isolation exists between the two ‘^races,'" that is 
between the population on the old and the population on the new host. 
Genetic differences are sometimes proven, but these may be credited to 
the small siase of the samples or to geographic variation with as much 
reason as to the host change, since the breeding stocks always came, so 
far as I know, from different geographic districts. Experimental data 
are scanty also in regard to the possibility of transplanting individuals 
from one host to the other. There is some indirect evidence for the im- 
portance of ‘‘host races'' for speciation. Petersen (1932) calls attention 
to the fact that monophagous and oligophagous genera of butterflies 
and moths are much richer in species than the pol)q)hagous ones. Such 
highly polytypic genera (of monophagous species) are, for example. 
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Nepticula (about 140 Palearfctic species), LithocoUetis (about 100 species), 
and Coleophora (about 140 species). The species in these genera are re- 
markably similar, and this has made a generic subdivision impossible. 

Even less is known about the biological races in gall insects and gall 
mites. It is in most cases still undecided whether the similar (or indis- 
tinguishable) insects that produce different galls on different hosts are 
sibling species, genetic host races, or genetically identical (with the galls 
merely phenotypically different). Considerable experimental work must 
be done before this type of biological races can be considered as analysed 
and understood. It is significant in this connection that among 300,000 
individuals of 400 species of gall wasps only 10 (or 0.003 percent) were 
found on trees that were not their normal hosts (Kinsey 1937b). 

Parasites, — It is only a small step from the monophagous food 
specialist to the parasite; in fact, many species (including some of the 
gall insects) could be recorded with equal justification under either 
category. Most species of parasites tend to form host races unless, of 
course, the species is restricted to a single host. Bischoff (1934) believes 
that the parasitic golden wasp, Chrysis ignita, forms about 8 or 9 host 
races. Wertheim (1936) tried to prove the existence of intraspecific varia- 
tion of the ciliate species that live in the intestines of ruminants, but 
his data lose their value since he confuses sibling species, geographic 
and host races. On the other hand, there is no doubt that these ciliates 
should yield very interesting data on speciation. A puzzling picture is 
presented by the human louse {Pediculus), which has two races, the 
head louse {humanus L.) and the cloth louse (vestimentorum L.). They 
are connected by intermediates; they change their characters within 
three generations if transferred from one body part to the other, and 
they can be crossbred in captivity. Most of the hybrids are fertile, but a 
certain percentage of them are intersexes, which indicates a fair degree of 
genetic difference. Nothing is known about possible isolating meehar 
nisms between the head and the body ^^races,” and no recent author 
seems to support Ewing’s (1926) division of the head louse into a number 
of geographic races. 

The two races of bugs {Cimex) that parasitize man {lectvlarius) and 
the pigeon (columbaritis) are so similar that many authors consider them 
indistinguishable. The only character that separates them consistently 
is the proportion between head-width and third antennal segment 
(Johnson 1939). Both forms are fully cross-fertile in captivity, but 
whether or not they are reproductively isolated in nature is not known. 
The round worm (Ascaris lumbricoides) has at least two host races, one 
in man and one in the pig. Morphological differences are not known, 
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but cross infection is impossible (Goodey 1931). Are these biological 
races or sibling species? The same question can be asked in regard to the 
host races formed by the plant nematodes, Tylenchus dipsaci and 
Heterodera schachit. It is possible to raise some parasites for many 
generations on new hosts, “but an instant in which the parasite actually 
chooses its own [new] host species in preference to the ancestral host has 
yet to be described among entomophagous forms” (Salt 1941). A strain 
of Trichogramma evaneacenSy which for more than 260 generations had 
access to no other host than to Sitotroga cerealellay still chose eggs of the 
ancestral hosts Ephesiia and Agrotia in preference to Sitotroga. There is 
no doubt that the chance for conditioning to new hosts is exceedingly 
slight, which makes the development of eympatric biological races a 
practical impossibility in this group. 

Even though we have not been able to do more than barely skim the 
surface of a very extensive and important field, we hope to have made it 
clear in our discussion on biological races that conditioning to new hosts 
is potentially an important method of speciation in monophagous 
species and in particular in plant feeders. Much more experimental 
work needs to be done, however, before we can fully understand the 
complicated relationships between host and parasite. Geographic varia- 
tion may play an important role, even in this field, since host races often 
seem to be geographically restricted. Our knowledge of sympatric specia- 
tion through ecological specialization will advance much more rapidly 
if future writers on the subject will make a determined effort to draw 
careful distinctions between a whole group of phenomena that are now 
lumped together under the terms “biological species” or “ecological 
races.” At the present time these terms include morphologically similar 
sibling species, physiologically polymorphic species, phenotypically 
different populations, and populations conditioned to different food 
plants, as well as genuine host races. 

The occurrence of sympatric speciation has been postulated by certain 
authors in order to interpret a number of taxonomic situations which 
geographic speciation does not seem to explain adequately. These will 
now be discussed. 

Cosmopolitan Species 

It may be said, as a broad generalization, that the more sedentary a 
species of animals ifi, the more it will tend to differentiate into geographic 
races. Conversely, it should be true that the more easily the individuals 
of a species are dispersed, the less diversification into geographic races 
takes place. The extreme of this proposition would be species which 
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cannot be stopped by any geographic barrier and in which no isolated 
population is even partly removed from the free interchange of in- 
dividuals. We should expect that species formation canngt be accom* 
plished via geographic races, if there are groups of animals that are 
dispersed with such ease. What is the evidence that they exist? 

The most promising possibilities are presented by the ‘‘floaters/' that 
is by animals which, either in their normal condition (aphids for ex- 
ample) or encysted (including the egg), weigh so little that they can be 
carried by wind currents for hundreds or thousands of miles. Fresh- 
water forms and small terrestrial species among the protozoa, rotifers, 
tardigrades, cladocera, coUembola, protura, and many others seem to 
be particularly well adapted to this type of transport. Ballooning spiders 
also belong potentially to this group, but, since many species with this 
habit have restricted ranges, other factors must counterbalance this 
easy dispersal. 

Among the tardigrada Marcus (1936) quotes the following examples 
of typical cosmopolitan distribution: Echintacua wendti: Greenland and 
other arctic countries, Europe, South America, South Pacific Islands, 
Antarctic; Paeudechiniacua auillua: Arctic, Europe, Himalaya, Malay 
Archipelago, Africa, Madagascar, Hawaii, Australia, New Zealand, 
South America; Macrohiotxta hufelandii: Arctic, Europe, Pacific Islands, 
Australia, Africa, North and South America, Subantarctic. Not all these 
species are, of course, ubiquitous, since most of them are restricted to 
definite ecological niches, but at least they show no geographic isolation. 
Gisl 4 n (1940), who made a special study of the distribution of cosmo- 
politan forms, came to the following conclusions: 

Summing up we can state that the planctonic oceanic beings get their 
wide spread through the ocean currents, while the terrestric and limnio 
microscopic faunas probably attain a world-wide or regional spread with 
transport by flowing water, by birds, but especially by air-currents. 

For microscopic or semimicroscopic beings the following rules, therefore, 
seem to be valid. 

(i) There exists no geographical, i.e. geomorphological, borders or bar- 
riers for the very small animals. 

(3) They are often cosmopolites, otherwise regionally distributed round 
the whole earth. Some of them are thus restricted to climatic regions. 

(3) Most of the microscopic animals are edaflcally [ecologicaUy] very 
strictly specialized. However, because of their large spreading power they 
may be found in every locality of the whole earth or of a certain climatic 
belt where their demand on ecological necessities is fulfllled, provided only 
that there has been sufficient time to give a chance for the germs, transported 
through the air, to settle in the suitable locality. 

The difl^culty presented by these cosmopolitan species to the rtudent 
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of Bpeciation lies in the fact that the continuous swamping of every 
population by new immigrants does not seem to permit the development 
of new forms. No adequate explanation for speciation in these families 
and orders has yet been advanced, but there are several possibilities. 
One is that there is actually no longer any speciation in the most success- 
ful and most widespread of these species. Speciation is restricted to the 
more-localized and, from the point of view of dispersal, less-successful , 
species. It is difficult to test this hypothesis, since the taxonomic and 
faunistic exploration of these microscopic groups is still rather in the 
initial stages. Marcus (loc, cit,) lists, for example, among the tardigrades 
84 doubtful species, in addition to the 176 that are well substantiated. 
The well-explored European countries have only about 50 species each 
of the known 176, and there are at least 15 well-known and widespread 
(American, African, and other) species which are probably absent from 
Europe. The evidence is therefore conclusive that at least some species 
have localized ranges, even in the cosmopolitan groups. In fact, there 
are one or two cases of geographic variation known in the tardigrades. 
The species Echiniacus intermediuSj for example, has 3 geographic races, 
ifdermediua (Queensland, Australia), laevia (Thuringia, Germany), and 
hawaiica (Oahu, Hawaii). It is therefore possible that speciation, at 
least in the tardigrades, proceeds in an orthodox manner by geographic 
variation. 

A second possibility exists for most of these cosmopolitan groups. 
Many of them have parthenogenetic (asexual) generations, sandwiched 
in between the bisexual ones. It is possible that a radically new mutation, 
affecting, for example, the mating behavior, can build up a sufficiently 
large population during the parthenogenetic period to be able to survive 
afterwards as the ground stock of a new species (see p. 192). 

Explosive Speciation in Lakes 

Sympatric speciation on a large scale has been postulated to explain 
the presence in certain fresh-water lakes of large flocks of closely re- 
lated species. There are, for example, 17 1 species of Cichlid fishes in Lake 
Nyassa in East Africa, and more than 300 species of Gammarid crusta- 
ceans in Lake Baikal. There are 17 or more species of Cyprinidae in Lake 
Lanao, on the island of Mindanao, in the Philippines. Several of these 
species have become specialized to the extent that they are now con- 
sidered as representatives of monotypic genera. Herre (1933), who 
studied this situation in detail, seems to be inclined to assume that these 
species developed from each other in this lake. The same assumption 
is made by E. Woltereck (1937) to explain the presence of 7 endemic 
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species of fresh-water shrimps in the lakes of central Celebes. In fact, 
nearly all the authors who have studied species flocks in fresh-water 
lakes have come to the conclusion that these species developed by 
sympatric speciation. R. Woltereck (1931) has inferred, on the basis of 
these fresh-water situations, the existence of a previously unknown 
process of speciation, that of ^'schizotypische Artzerspliiterungy' or ex- 
plosive sympatric speciation. According to this hypothesis, species 
flocks originate through ecological specialization in localities where 
many empty ecological niches are present. The explanation is applied 
not only to flocks in fresh-water lakes, but also to a number of situations 
among land animals where many species of the same genus occur in one 
locality. Woltereck states, for example, that he cannot see any other 
explanation for the presence of 53 species of the genus Achatinella on 
Oahu (Hawaii). Rensch (1933:37) counters these assertions by pointing 
out that most of these so-called species are nothing but geographic 
races. He believes that the number of valid Achatinella species on Oahu 
is less than 12, but Dr. Welch informs me (in liti.) that it is probably 
nearer to 20 species, some of which are restricted to isolated localities. 
There is little doubt, as pointed out in an earlier chapter (p. 174), that 
the species flocks on isolated archipelagoes have developed by the 
normal process of geographic speciation. Usinger (1941), the latest 
student of Hawaiian species flocks, came to the same conclusion. Neither 
is there any need for the assumption of explosive speciation to explain 
species flocks among continental terrestrial animals. 

Old fresh-water lakes are, for fresh-water faunas, very much what old 
islands are for terrestrial faunas. They permit the survival of old ele- 
ments which have long since become extinct in the surrounding areas. It 
seems to me that students of fresh-water faunas have vastly under- 
estimated the age of the species with which they are working. The 
evidence for this is quite overwhelming for Lake Baikal, Lake Tan- 
ganyika, Nyassa, and so forth. The statement by the proponents of ex- 
plosive speciation that ecological specialization prece^des the establish- 
ment of discontinuity is not in the least plausible, if we remember that 
these habitats are in continuous contact with each other and that there 
is no evidence for the establishment of biological isolating mechanisms 
as long as unrestricted interbreeding takes place between the inhabitants 
of the different sympatric ecological niches. On the other hand, no ob- 
jections seem to exist against the assumption that species flocks origi- 
nated by multiple colonizations, corresponding to the double and triple 
colonizations and the archipelago speciation among island animals dis- 
cussed previously (p. 174). 
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The fish faunas of the East African lakes seem to offer particularly 
valuable material for the testing of these theories. It seems that the 
closest relatives of most of the species of fish in the East African lakes 
are not sympatric. Worthington (1937) is somewhat puzzled by the fact 
that the genus Lates (Nile perch) is represented by two forms in most 
of the East African lakes, a large one in the surface waters, and a small 
one in the deeper waters. He takes it for granted that the two forms 
evolved in a parallel manner, independently, in each lake, by ecological 
specialization. Would it not be much simpler to assume that all the 
lakes were colonized twice by Nile perches, once by a srnall-sized, deep- 
water-loving species, and once by a large-sized shallow-water species? 
An analysis of these lakes shows that their faunas are not uniform, and 
the older a lake is the more obvious is the composite character of its 
fauna. The accumulation of large numbers of related species in these 
lakes is apparently partly due to the fact that a number of different 
river systems have ‘‘washed” their own endemic species into the lake, 
and partly to the fact; that some of these lakes originated by the amalga- 
mation of a series of smaller lakes. Ecological specialization helps now to 
preserve the discontinuities between the species, but it is not responsible 
for their creation Species flocks in fresh-water lakes cannot be con- 
sidered as proof for “explosive” speciation. 

Our discussion of ecological and biological races, of sibling and cos- 
mopolitan species, and of so-called explosive speciation has revealed 
that bona fide evidence for sympatric speciation is very scanty indeed. 
Even if it should become evident that- sympatric speciation through 
ecological specialization is largely nonexistent, we need not feel dis- 
turbed. The fact that geographic races can acquire considerable ecolog- 
ical differences, as we have seen in Chapter III (pp. 53-59), facilitates 
the explanation of strong biological differences between closely related 
species, without any recourse to a hypothetical process of sympatric 
speciation. Certainty as to the relative importance of sympatric specia- 
tion in animal evolution cannot be expected until a much greater body 
of facts is available than at present. 
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THE BIOLOGY OF SPECIATION 


The variation of taxonomic characters and the development of di- 
vergence and of discontinuities between the systematic categories are 
influenced by a number of factors. Some of these are internal, some ex- 
ternal; some promote speciation, and others inhibit it. We have re- 
ferred to them only casually in the preceding chapters, in order to be 
able to give a better-balanced presentation in the present chapter. This 
field is of vital importance to the systematist of today, in his capacity 
as classifier as well as student of speciation. The majority of the factors 
that we have to discuss are environmental, and we might therefore 
speak of an ‘^ecology of speciation.^^ However, since we have to include 
the internal factors (mutability), as well as factors that involve behavior 
patterns, such as crossability, sexual isolation, pair formation, and the 
like, it might be preferable to use the broader term, biology. We are still 
groping in the dark about much of this matter, and the following attempt 
to organize this subject should be considered merely as experimental. 

The greatest difficulty with which we are faced in our discussion is to 
arrive at a convenient classification, as well as a balanced evaluation 
of the numerous factors. The mathematical calculations of Sewall 
Wright and the theoretical analysis that preceded them have been of 
particular value in this task. We may classify these factors as (i) those 
that either produce or eliminate discontinuities and (2) those that pro- 
mote or impede divergence. The latter may be subdivided further into 
adaptive (selection) and nonadaptive factors (see Huxley 1941). What- 
ever classification we use will be exploratory and tentative and may 
have to be modified as more facts become known. I have decided to 
treat divergence and discontinuity together and to select instead a 
different scheme of classification. 


FACTORS INFLUENCING SPECIATION 

These are of two kinds, which may be designated for convenience as 
internal and external. It might be equally correct to call them phyaio- 
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logical (or mutability) factors and environmental factors. It must not 
be forgotten, however, that internal factors are always involved, even 
though the primary factor may be environmental. All external factors, 
such as the isolating value of geographic barriers or of specific recogni- 
tion marks, depend for their proper functioning on the reactions of the 
animal, that is, on internal factors. The classification of the observa- 
tions relating to speciation factors into internal and external factors was 
adopted for the sake of convenience. 

INTERNAL FACTORS 

The reasons why certain species and genera are stable, while others 
that live under similar conditions change rapidly, are still shrouded in 
mystery. It is a very unsatisfactory explanation to say that this is due 
to differences in the mutation rates, because we may ask immediately 
what causes these different rates in the different species. Work in the 
genetic laboratories has established beyond doubt the fact that the 
mutation rate of certain stocks of Drosophila melanogaster is higher 
than in others, and it is also known that in certain species (maize, for 
example) there are genes which control or at least influence the rate of 
mutation of other genes. This field belongs to the domain of genetics, 
and we shall therefore not enter into a more detailed discussion of it, 
particularly since there are two excellent recent summaries which ap- 
proach the field from different angles (Dobzhansky 1941a, S. Wright 
1941a). We shall see later in this chapter that it would be a mistake to 
explain all differences of variability as differences of mutability, but there 
seems to be little doubt that some differences exist in the mutability of 
different species. As naturalists, we merely observe that some species 
(genera, families, and so forth) are plastic, others static. Wliat the bio- 
chemical basis is for this static condition and whether such species con- 
sist of particularly well-integrated, genetic systems (or have reached a 
particularly tall adaptive peak), can not be stated on the basis of our 
present knowledge. 

Degree of variability . — In certain genera of animals there are dozens 
or even hundreds of similar species, many of them with numerous sub- 
species. It appears in such cases as if an evolutionary explosion had 
taken place. In other genera we find just one or two well-defined, clear- 
cut species, without appreciable individual or geographic variation, in- 
dicating almost complete evolutionary stagnation. The most frequently 
quoted case of stagnant evolution is that of the Brachiopod genus 
Lingula^ which is reported to have survived without conspicuous changes 
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from the Paleozoic, a period of 475 million years. Actually there are 
certain differences between the living and the paleozoic Lingula which 
cause most modern authors to classify them in different genera. Further- 
more, nothing is preserved of the fossil species except their shells, and we 
cannot even guess how much the internal anatomy may have changed 
between the Paleozoic and today. Many brachiopod lines had a fairly 
rich development during the Mesozoic, but our knowledge of the history 
of the class is still very incomplete, as indicated by the more than 250 
genera described during the last decade (A. Cooper in litt.). However, 
even with all these reservations in mind, there is no doubt about the 
slowness of brachiopod evolution in general, which is proven by the fact 
that all living brachiopods go back to similar forms in the Paleozoic. 
Even though this may be a record, there are among marine animals many 
almost equally astounding cases. Among the reptiles there has been very 
little change since the Triassic in the Crocodiles and Rhynchocephalians, 
while the present birds and mammals are totally unlike their reptilian 
ancestors of Triassic times. A number of additional comparisons have 
been listed by Robson and Richards (1936:131) and by Cu6not (1936). 

We must compare equivalent groups if we wish to find intrinsic differ- 
ences of variability. Marine animals, with their more uniform environ- 
ment, show much less geographic variation and correspondingly fewer 
changes of taxonOmic rank during geological time than terrestrial ani- 
mals. But even if we limit our consideration to a single taxonomic group, 
let us say birds, we find considerable differences in the degree of variation, 
thus indicating intrinsic differences. A few examples will illustrate this: 

Song-Bird Species Distributed over the Entire Solomon Islands 


NUMBER OF 

species subspecies 

Pachycephala pectoralis 10 

Rhipidura rufifrons 7 

Rhipidura cockerelli 7 

Monarcha barbata 7 

Monarcha castaneoventris 6 


Yet Cinnyris jugularis and Rhipidura leucophrys, with equally extensive 
or even larger ranges, have only a single subspecies in the entire archi- 
pelago. There is a good reason to believe that these two species have 
invaded the Solomon Islands only recently and have not yet had time 
to break up into races. 

The following tabulation arranges the 95 species of song birds which 
are widely distributed over the lowlands of the mainland of New Guinea 
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in nine classes, according to the number of subspecies belonging to each 
species. 


NUMBER 

OF 

SPECIES 

I 

I 

1 

2 
I 

17 

13 

29 

30 


NUMBER OF 

RECOGNIZED SUBSPECIES 
PER SPECIES 

IS 

13 

9 

8 

7 

4 

3 

2 

I (monotypic) 


This shows that some species (31 percent) show no pronounced geo- 
graphic variation in the entire, extensive area of the lowlands of New 
Guinea, while other species exhibit varying degrees of subspeciation. 
The range of the individual subspecies of birds is rather large (even in 
the most subdivided species), as compared to the ranges of the sub- 
species among many of the small mammals and invertebrates. This is 
well illustrated on the maps of the species complexes in gall wasps 
{Cynips dugesiy for example), published by Kinsey (1936), and even 
better by the Hawaiian snail Achatinella musineltay which on an area 
of less than 20x5 miles has 26 named subspecies and about 6c additional 
recognizable microgeographic races (Welch 1938). Not all terrestrial 
invertebrates show an equal variability; in fact, many species have as 
extensive ranges as some birds without any signs of geographic variation. 

Rensch (1933) compared the species that are geographically variable 
with those that are not and found that in birds the amount of sub- 
speciation is greater in small-sized species than in large ones. This corre- 
lation is, however, not very strict, since the large sized geese (A riser, 
Brania) show more subspeciation than the small ducks (Anas, NyrocUy 
and so forth), and the large gallinaceous birds show more geographic 
variation than the small shore birds (Limicolae), to list a few of many ex- 
ceptions. In general, it seems to be true that the small song birds have, on 
an average, more subspecies per species than the large Non-passeres, and 
this correlation holds, even if we allow for all extrinsic factors (popula- 
tion size, sedentary nature, and so forth). To say that these large birds 
show reduced geographic variation because they belong to old genera 
and families only shifts the explanation to another level, since the 
amount of active evolution is one of the main criteria for the age of a 
group. 
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Speed op Speciation 

It would be interesting as well as scientifically important to know 
how many years or generations are required for the evolution of a new 
subspecies or species. A number of such estimates have been made, but 
it is constantly growing more evident that so many different factors 
influence the speed of speciation (either positively or negatively) that 
only guesses are possible at the present time. The most direct method 
would be to analyze and describe very carefully the characters of a local 
population and then to examine the same population again after a lapse 
of time, in order to determine whether or not it had changed. Crampton 
(1932) finds that the collections of snails of the genus Partula which he 
made in 1909 in certain valleys of Moorea do not agree with collections 
made at a later (1923) visit. He interprets this result as being due to 
rapid subspeciation in the interval (14 years). There is, however, a 
second interpretation possible, in the light of the recent work on the 
Hawaiian snail Achatinella mustelina. Welch (1938) found that not only 
every valley had its endemic forms, as had been maintained by earlier 
workers, but that within each valley (or along each ridge) numerous 
separate and different populations could be distinguished, many of them 
occupying areas of less than 50 and some of less than 10 acres in extent. 
The possibility cannot be ruled out that Crampton^s parallel collections 
were made at slightly different localities within the same valley and that 
this is the reason for the differehces found by him. 

A number of changes of populations in historical times are known 
(Dobzhansky i94ia:i90-i96). Most of them refer to physiological 
characters, such as the resistance of scale insects to poisons. Other 
changes relate to various forms of polymorphism (in the widest meaning 
of this word). There are the annual changes of the percentage of chromo- 
somal inversions in Drosophila pseudoobscura populations or the variable 
composition of fungi (rusts) populations. These changes oidy rarely 
reach the taxonomic threshold, as in the cases of industrial melanism 
in moths (see Goldschmidt 1940, Hasebroek 1934) and in the previously 
discussed changes of polymorphic species. The results of transportation-^ 
experiments have frequently been quoted as evidence for quick sub- 
specific changes. We have already rejected most of these claims (p. 60) 
by showing that some of these cases are not proven, while others can be 
explained on the basis of phenotypical changes. There are, however, a 
few cases that seem well established. The Faeroe house mouse {Mvs 
musculus faeroeensis) seems to have developed its present distinct 
: characters within the last 500 years and Lepvs during the last S$ years 
(Degertx^l 1940), and there is also some evidence that some island 
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populations of rabbits have changed during historical times. We must 
conclude from these facts that the attempts to determine the speed of 
speciation by direct observation of distinct populations have not jdelded 
many tangible results. ' 

There is, however, an indirect approach possible, since it is sometimes 
possible to prove or at least to make it seem very probable that a race 
or species could have developed only after a certain geological event had 
taken place. We can then determine the maximum age of such a form. 
The great difficulty of this method is the incompleteness of geological 
data, which in some cases are even contradicted by the zoological evi- 
dence. For example, Tutuila is the oldest of the Samoan Islands, ac- 
cording to geologists, but its bird fauna is much younger than that of 
the neighboring islands of Upolu and Savaii and lacks nearly all of the 
typical Samoan endemisms (Mayr 1941 b). Tutuila is, of course, some- 
what smaller than the other two islands, but is it certain that the geolo- 
gist is not mistaken? The areas in North America and Europe from which 
the ice has retreated since the last glaciation are about the only regions 
on the earth where alluvial deposits and geomorphological structures are 
sufficiently well known to permit even an approximate chronology of re- 
cent geological events. But if we were to limit our study of speciation to 
the temperate zone of the Holarctic, we would obtain a very one-sided 
impression, owing to the peculiar conditions of this zone. After the re- 
treat of the ice, there was much mixing of populations, settlement of 
new territories by heterogenous elements, strong competition, and lack 
of geographic barriers. The killing effects of winter and seasonal migra- 
tions serve to promote a rather thorough mixing of neighboring or even 
distant populations before every breeding season. All these factors tend 
to prevent the development of strong subspecies and thus slow down 
the speed of speciation. We cannot generalize on the basis of figures 
derived from this region and say, for example, that it takes from 10,000 
to 20,000 years for a subspecies of bird to develop, because this happens 
to be the estimated age of some Scandinavian subspecies. There is no 
doubt that speciation proceeds much more quickly where the external 
conditions are favorable, as on small tropical islands or on well-isolated 
mountain peaks. This is quite evident if we compare the size of the ranges 
of Cynipa ^‘species’^ from the southwestern United States and Central 
America with those from the northern and eastern United States. More 
evidence for this will be presented in our discussion of isolating factors 
(p. 234), and I mention these facts only to warn against accepting the 
following figures too literally. 

Hubbs (1940a, b) states in regard to the fishes of the western United 



222 


BIOLOGY OF SPECIATION 


States that several isolated waters evolution has proceeded far 
enough to produce new subspecies within what appears to be a few 
hundred years, at most a few thousand.” Moreau (1930) studied the 
races of birds that are associated with the black alluvial soil of the Nile 
delta and concluded that 5,000 years is not far from the minimum time 
required for the development of these races, which are not entirely iso- 
lated from the surrounding races. There is valid evidence that some of 
the endemic races of Scandinavian birds developed within the last 10,000 
to 15,000 years. Even shorter periods were probably needed for the 
endemic races of Iceland and the Faeroe Islands. Kramer and Mertens 
(1938a) concluded that the subspecies of the lizard Lacerta sicula which 
have developed on the Istrian Islands have a maximum age of 9,000 
years. The time required for the formation of new subspecies in Holarctic 
localities seems to lie, in most cases, between 5,000 and 15,000 years, a 
very short period in terms of geological ages, but a long period in terms 
of generations of animals. Goldschmidt (1940) may be right in saying 
that if in all cases such long periods were required for the production of 
slight subspecies, all geological time would not be sufficient to explain 
the present diversity of animal and plant life. However, there is little 
doubt, as we have already said, that speciation proceeds much more 
rapidly where animal populations are well isolated and removed from 
such retarding influences as post-Pleistocene population mixing. The 
cases of the Ipswich Sparrow {Passerculus princeps) on Sable Island and 
of the Red Grouse {Lagopus scoticus) in Britain (seep. 164) are positive 
proof that speciation can proceed rapidly even in the north temperate 
zone, provided that strict isolation is maintained. Not even a guess is 
possible, at the present time, concerning the speed of speciation on small, 
well-isolated tropical islands, or on mountain tops, or in caves. All we 
can say is that it is certainly much more rapid than speciation on the 
large temperate-zone continents. 

There is considerable difference between various animal groups in 
regard to the speed of speciation, even when the environmental condi- 
tions are comparable. Reinig (1939) states that the bumblebees {Bom- 
bus) of the islands of Corsica and Sardinia belong without exception to 
different subspecies from those found on the mainland. Among the birds 
of these islands only a few have developed endemic races. Among the 
Partula snails of the Society Islands there are some species which break 
up into numerous races on each island, while other species are found 
without conspicuous variation in the entire archipelago (Crampton). 
The fact that we find on certain islands populations that are indistin- 
guishable from mainland species, in addition to endemic races, does not 
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necessarily indicate different speeds of speciation in the different species. 
It is rather to be attributed to the fact that the unchanged populations 
are recent arrivals from the mainland. This is obvious from an analysis 
of the hemiptera of Hawaii (Usinger 1941), of the birds of the Galapagos 
(Swarth 1934), and of the birds of Rennell and Biak (Mayr 1940a). 

Speciation in marine animals moves at a snairs pace, as compared to 
that of terrestrial animals. The connection between the Atlantic and the 
Pacific Oceans (at Panama or Nicaragua) was interrupted some two or 
three million years ago, but some of the species of fish and crustaceans 
are still the same on both sides of the Isthmus of Panama. Among the 
crabs (brachyura), 11 species remain identical, while 13 species have 
split into representative pairs (Finnegan 1931). The paleontology of 
marine animals indicates the same slow evolution as does the existence 
of so many bipolar species. The speed of evolution should not be over- 
rated, even in terrestrial groups. Apparently all the living orders of 
birds already existed at the beginning of the eocene (sixty million years 
ago), and even greater antiquity (or slower speed of speciation) seems to 
characterize insect groups. Many of the insects of the mid-tertiary Baltic 
amber cannot be separated specifically from living species, and even an 
amber fauna believed to be cretaceous was found to be remarkably 
similar to the recent fauna (Carpenter et aL 1937). 

It would be misleading to draw conclusions as to the speed of specia- 
tion entirely from the speed of subspeciation. It must not be forgotten 
that intraspecific interbreeding, that is, the continuous exchange of 
genes between neighboring populations, is a retarding process. Species 
that have become reproductively isolated drift apart much more rapidly 
than subspecies that still belong to a single interbreeding unit. We may 
conclude from the evidence presented that geographic variation is not 
too slow a process, to account for the present multitude and diversity of 
animal life. 

Extinction 

The world would be overcrowded with animal species if some did not 
always die out as new ones originate. The paleontologist encounters 
fewer and fewer of the recent species as he goes back through the geo- 
logical levels. Some of this change is due to extinction; some of it due to 
the evolutionary transformation of species. In other words, the species 
of the paleontologist may be absent from later strata either because they 
have merely changed beyond recognition or because they have actually 
become extinct. Extinction is, in a way, the counterpart of speciation, 
but in spite of its importance it has received much less attention. Fossil 
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evidence indicates that the ‘'life span’' (the time between origin and 
j extinction) of some species is very long; for others, it seems short. Few 
tabulations exist as yet of probable life spans. Simpson (1931) has pre- 
sented us with a valuable discussion of this problem, on the basis of a 
comparison of the Pleistocene and the recent mammal faunas of Florida. 
H. Howard and A. Miller (1939) find that from 33 to 49 percent of the 
aviail specimens in typical Pleistocene Rancho La Brea asphalt pits 
belong to extinct species. The number of extinct species in these pits is 
about 1 5 percent of the total of identified bird species. 

Islands play a peculiar role in this extinction process. They permit 
certain aberrant forms, which unquestionably would be doomed on the 
mainland, to survive as relics (New Zealand, Madagascar faunas), while, 
on the other hand, the smaller islands in particular may act as evolution- 
ary traps, since the populations that live on them tend to become so 
uniform genetically that they are adapted only to the particular set of 
conditions under which they live. Thus there may be present almost no 
heterozygous individuals with concealed potentialities for preadaptation 
to sudden environmental changes, with the result that such forms be- 
come exceedingly vulnerable to extermination. About 97 percent of all 
bird species known to have become extinct within the last 200 years 
were island birds. All of them lived on rather small or at least well- 
isolated islands, while not a single species became extinct on large is- 
lands such as Borneo or New Guinea. Of the 76 endemic land birds of 
Hawaii, about 18 are now extinct, while ii forms have become extinct 
in the New Zealand group ( J. Greenway in litt,). Another proof for the 
extinction-promoting character of small islands is the fact that only 
rarely do they harbor very distinct species. This is strikingly illustrated 
by the fauna of some of the old and well-isolated small islands in the 
New Zealand group. 

The history of such extinctions is both fascinating and puzzling. Bond 
(1940) has reported that 12 forms of birds have become extinct in the 
West Indies, with 12 additional ones being on the verge of extinction. 
When the steamer “Makambo” was wrecked on Lord Howe Island 
(near Australia) in 1918, rats (Rattus [Epimys] norvegicus) escaped to 
the shore and multiplied. A few years later no less than 5 indigenous 
and 2 introduced species of land birds of the total of 14 species had be- 
come extinct. Several of these had been very common birds prior to the 
rat invasion, but they were unable to cope with the new enemy (Hind- 
wood 1940). Thrushes of the genus Turdus were common in 1910 on 
Uvea and Lifu, Loyalty Islands. No visible ecological changes have oc-. 
curred during the last thirty years, but in 1938 the two species had ap- 
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parently completely disappeared. The case of the thrushes on the 
Loyalty Islands is rather typical for many of these extinctions (in con- 
tradistinction to the Lord Howe Island case) , in that there are no visible 
causes for the sudden disappearance of a form except that the total size 
of the population was so small and the genetic composition probably so 
uniform that the most minute change of environmental conditions be- 
came fatal. There is little doubt that, as postulated by Sewall Wright 
on theoretical grounds, well-isolated islands are evolutionary traps, 
which in due time kill one species after another that settles on them. 

PRIMARILY EXTERNAL FACTORS 

IsoLATiVE Factors and Species Formation 

A single mutation does not make a new species except in the case of 
polyploidy. New species are due to a gradual accumulation and integra- 
tion of small genetic differences. If there were species in which each in- 
dividual was equipped with such excellent dispersal faculties that it 
would have an even chance to mate with any other individual of the 
species (no matter how far distantly it was borne), we would have com- 
plete panmixia (random interbreeding). It is sometimes assumed that 
panmictic species are excluded from further evolution. This is not the 
case. A sufficiently high rate of recurrent mutation, together with strong 
selection pressure and accidents of sampling (if the number of individuals 
is small), can produce rather rapid evolution, even in a panmictic species. 
However such a species changes as a whole, it is rather uniform in any 
one given generation and its changes are apparent only to the paleontolo- 
gist. A panmictic species can ne^'^er break up into two or more species 
(except by instantaneous speciation). 

All the individuals of a panmictic species form one large interbreeding 
population. Such species exist in perfect form in theory only, except for 
the very small populations of certain insular species in wliich the diam- 
eter of the geographic range is no greater than twice the cruising radius 
of its individuals. All other species, and this includes the overwhelming 
majority of animal species, are broken up into local populations. These 
local populations owe their origin to the fact that external and internal 
factors restrict the random dispersal of individuals in various ways. 
These factors are reenforced by additional mechanisms which cause 
or help the isolation of populations and species from others. Excellent 
discussions of the importance of isolating mechanisms have been given 
by a number of recent authors: Cu6not (1936), Dobzhansky (1941a), 
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Huxley (1940), Robson and Richards (1936), Timofeeff-Ressovsky^ 
(1940a), and others. All these authors agree that the isolating factors 
can be classified, broadly speaking, into two large groups, i.e., geo- 
graphic and reproductive barriers. The latter are frequently referred to 
as biological or physiological isolating mechanisms. There is a funda- 
mental difference between the two classes of isolating mechanisms, and 
they are largely complementary. Geographic isolation alone cannot lead 
! to the formation of new species, unless it is accompanied by the develop- 
ment of biological isolating mechanisms which are able to function 
when the geographic isolation breaks down. On the other hand, biolog- 
ical isolating mechanisms cannot be perfected, in general, unless pan- 
mixia is prevented by at least temporary establishment of geographic 
barriers. 

There are certain advantages in a slight modification of this basic 
classification, which is based not so much on the descriptive qualities of 
the isolating mechanisms as on the method by which they accomplish this 
isolation. Isolation, according to this classification, may be accomplished 
because the potential mates do not meet {restriction of random dispersal)^ 
or because they do not mate even if they meet {restriction of random 
mating), or because they do not produce their normal quota of offspring 
even though they mate {reduction of fertility and related phenomena). The 
naturalist and ecologist may prefer this cfassification, which also has the 
advantage of permitting a more accurate analysis of incomplete cases of 
isolation. It is for these reasons that we adopt it in our subsequent dis- 
cussion. 

Restriction of Random Dispersal by Geographic Barriers 

The concept of the species as one continuous population is, as we have 
seen, an abstraction which exists in nature only in exceptional cases. 
On the contrary, studies of ecologists have proven that the ranges of 
nearly all species are subdivided by a network of geographic and ecolog- 
ical barriers which break the species up into numerous colonies and local 
populations. These barriers reduce the flow of individuals from one 
population to the next, but only a few of them stop it altogether. The 
effectiveness of these barriers is therefore of great interest, since this 
factor influences to a considerable extent the speed with which the 
internal isolating mechanisms may be established. The effectiveness of 
the barriers is, at the same time, conversely correlated with the powers 
of dispersal. An unsurmountable barrier to one kind of animal may be 
no obstacle at all in another kind. Let us now examine the nature and 
efficiency of some of these barriers. 
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Water is the most effective barrier for land birds. This is the reason 
we have such active speciation in island regions. The various subspecies 
and allopatric species of the Zosterops rendovae group are separated from 
each other by straits that are 1.7, 2, 5, and 6 kilometers wide (Fig. 23). 
These birds fly at a minimum speed of about 30 kilometers per hour and 
flights of 3.4, 4, 10, and 12 minutes would enable them to overcome the 
gaps. Ugi Island, one of the Solomon Islands, is only 7 kilometers distant 
from the mainland of San Cristobal, but it has striking endemic races 



Fig. 23. Superspecies Zosterope rendovae in Central Solomon Islands. Ex- 
treme localization of related species and subspecies in a tropical archipelago. 

I SB Zosterops rendovae and subspecies; 2 = Zosterops IvUeirostris and subsp. ; 

3 Zosterops veUalavella. The shortest distances between the islands are: 

A — 1.7 km.; B = 2 km.; C = 6 km.; and D = 5 km. (From Mayr 1940a.) 

of at least three species. Of the 265 species of land birds which are known 
in that part of New Guinea which is opposite New Britain, only about 
80 species have a representative on that island. In other words, the 45- 
mile-wide stretch of water which separates the two islands has prevented 
the crossing over of 70 percent of the New Guinea species. Even more 
striking is the situation in the western Papuan Islands. The strait be- 
tween the islands of Salawati and Batanta, which is less than two miles 
wide, has prevented the crossing of 15 full species of Salawati birds to 
Batanta and of 2 species from Bantata to Salawati. Furthermore, a 
considerable number of species is represented on the two islands by 
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different subspecies (Mayr 1941b: 198). Among the 47 species of Pas- 
serine birds known from the D’Entrecasteaux Islands, which are only 15 
kilometers from the coast of New Guinea, no less than .29 (or 62 percent) 
belong to different subspecies than are found on the New Guinea main- 
land. Florida and the island of Cuba, which are separated by 125 miles 
of water, have only a small proportion of identical species of terrestrial 
animals. 

' Not only straits of the sea, but also large rivers may form distribu- 
tional barriers. The Amazon River and its tributaries have broken up the 
range of many South American forest species and have initiated the first 
steps of speciation. My colleague, John T. Zimmer, has called my at- 
tention to a number of striking cases among the ant thrushes. In Myr- 
motherula menetriesii the upper Amazon separates the subspecies 
menetriesil and palliday and the lower Amazon omissa and dnereiverdris; 
in Cercomacra cinerascens the lower Amazon separates immaculata (north 
bank) and iterata (south bank), and the Rio Madeira, a southern tribu- 
tary of the Amazon, separates iterata (east) from sclateri (west); in 
Myrmotherula longipennis the upper Amazon separates longipennis from 
garbeiy and two southern tributaries separate ochrogyna from garbei and 
paraensis. The most striking case is perhaps that of the ant bird Phlegop- 
sis nigromaculata, which occurs along the entire south bank of the 
Amazon from the Andes to the Atlantic, but which has been unable to 
cross over to the north bank. This weak dispersal faculty is also evi- 
denced by the fact that this species is broken up by the southern tribu- 
taries of the Amazon into four geographic races: nigroirmculcUa west of 
the Madeira, bowmani between Madeira and Xingu, confinis between 
Xingu and Tocantins, and paraensis east of the Tocantins. Literally 
dozens of species show similar distributional pictures. The long-stretched 
lakes of the African rift valleys are sometimes effective subspecies bor- 
ders, as, for example. Lake Tanganyika for the babbler Turdoides jardinei, 
which occurs in the race emini on the east bank and in the race tangan- 
yikae on the west bank. Small arboreal or semi-arboreal mammals are 
even more affected by such water barriers, as shown by their sub- 
speciation on both banks of the Chindwin River in Burma and the Congo 
in Africa. Dice (1939b) has examined the mouse populations on both 
banks of the broad and rapid Snake River, in Idaho, and found them 
to be quite distinct. M. Wagner was apparently the first naturalist to 
call attention to the importance of rivers as barriers between allopatric 
species. He pointed out, as early as 1841 (Reisen in der Regentschaft 
Algier), that this was particularly true for animals with reduced mobil- 
ity, such as flightless beetles (he cites the North African genera Pimelia, 
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Blaps, Adesmia, Eroding, Asida, Tentyria, and so forth) and snails. He 
confirmed this, in his later writings, for the lower Danube and the large 
rivers of Asia Minor (Wagner 1889). Even rather small streanois can form 
subspecific barriers, as, for example, the Main River of southern Ger- 
many for certain races of the beetles Carabvs monilia and C. violaceua 
(Buchka 1936). 

It might be argued that a river is an ecological and not a geographic 
barrier. However, this is rather an academic point, since I know of no 
definition which would permit us to draw a sharp distinction between the 
two kinds of barriers. This is even more true for other distributional 
barriers. Just as land animals are stopped by water, so are mountain 
animals stopped by lowlands. Mountains, as far as their inhabitants are 
concerned, are distributional islands in a ^^sea of lowlands.^^ This is why 
the distributional picture of mountain birds resembles so much that of 
island birds. The mountain birds of New Guinea illustrate this very 
well. About 40 or 45 percent of all the land birds of that island do not 
descend below 600 meters. Most of them are found in the big central 
chain that runs from the Weyland Mountains to the mountains of south- 
eastern New Guinea, but many of them occur also in some isolated 
ranges in the northwest (Arfak, Wandammen), north (Cyclops), and 
northeast (Huon Peninsula) of New Guinea. I have analyzed the Pas- 
serine species among these mountain birds in order to determine the in- 
fluence of the lowland barriers on distribution and speciation (all super- 
species were counted as species for the purpose of this analysis and 
allopatric forms within superspecies as subspecies). There are 1 19 species, 
of which 4 are restricted to one of the isolated ranges, 9 to the western 
part of the central range (2 of them have 2 subspecies each), and 3 to 
the eastern part (one with 2 subspecies); 14 species are found through- 
out the central range, but not on one of the isolated ranges, and 13 of 
these have different subspecies on the eastern and western parts. Of the 
12 species which occur in the central ranges and the Arfak, only 3 have 
not subspeciated; among the 16 species which occur in the central ranges 
and all outlying ranges, only 3 are monotypic; among the 41 species 
which occur in the Arfak, Huon, and central mountains, only 9 show no 
geographic variation. One of the mountain species divides into 10 sub- 
species, one into 9, five into 7, and four into 6 subspecies. A map (Fig. 24) 
of the superspecies Aairapia nigra (bird of paradise) shows the insular 
character of the ranges of these mountain species and the extreme 
variation produced by this type of isolation. In North America the best 
cases of geographic isolation of mountain birds are presented by some of 
the species of Junco and Leucoaticte, 
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Every animal is adapted to specific ecological conditions, and its area 
of distribution consists, therefore, of patches of suitable habitat, sur- 
rounded by barriers consisting of unsuitable habitats. The distances 
between the suitable habitats are, in general, smaller than the normal 
dispersal potencies of the ‘^isolated^’ populations, and in such cases 
we speak of continuous ranges, even though this may not be strictly true. 
In other cases the belt of unsuitable habitat may be wide enough to 
cause effective isolation. This is true for forest animals in a savanna 
country, or for animals in an isolated grassland patch in forest country, 



Fig. 24. Geographical Isolation of mountain species (birds of paradise of the 
genus Asirajna). Insular ranges and extreme taxonomic divergence of high 
altitude birds of a single superspecies. Four of the five species have be^n con- 
sidered generically distinct on the basis of purely morphological criteria. 

or for inhabitants of an isolated lake or swamp, and so forth. A few 
examples will show this more clearly. 

The island of New Guinea is mostly forested. Grasslands exist only 
in the south, in the southeast, above timber line and in a few other iso- 
lated patches. The genus of weaver finches Lonchuraj which is restricted 
to the grasslands (and to grassy swamps), has developed 12 species on 
the island. Nine of these (as well as most of the subspecies of the 4 
pol3rtypic species) have very limited geographic ranges, some of them 
being known only from a single locality. Only 3 species, which are less 
specialized ecologically {tristisiissima, casianeothoraxy and grandis)^ have 
a somewhat wider distribution, but all 3 break up into a number of races. 

Mutatis mutandiSj the same is true for forest birds. There is, for ex- 
ample, an isolated belt of true tropical rain forest along the hills in the 
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western half of the Indian Peninsula. This forest belt is separated by 
about 1,000 kilometers from the forest along the slopes of the Himalayas, 
and many separate forms have developed in this forest island. There 
probably was a rather recent connection during the last Pleistocene 
pluvial period, and in some species of birds no visible differences have 
yet developed in the population of the isolated forest. This is true, for 
example, of the great Indian Hornbill (Dichoceros hicornis) (Fig. 25). A 



Fig. 25. The range of the hornbill Dichoceros hicornis in India. No subspecia- 
tion has yet occurred, although absence of tropical forests on most of the In- 
dian Peninsula has split the species into two widely separated groups of 
populations (After Ali 1935). 

similar separation of tropical rain forests occurs in Africa (upper and 
lower Guinea forest), with the resulting influence on speciation (Chapin 
1932). Even more striking are ecological barriers in insects that are re- 
stricted to a single food plant. Every area from which this food plant is 
absent forms a dispersal barrier. 

Even parasites may be affected by the habitat preferences of their 
hosts. Jordan (1938) finds that the central European subspecies (agyrtes) 
of the mouse flea Ctenophthalmus agyrtes is restricted in Normandy to 
the woods, in a district where it overlaps with the northwestern sub- 
species nobiliSy which in this area lives in the open country (hedges and 
meadows). It is probable that the two fleas live on two different sibling 
species of Apodemus (see p. 202). 
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The degree of isolation afforded by various habitat zones is well il- 
lustrated in Table 12. 

Table 12 

Endemism in Passerine Birds of New Guinea in Various Habitats 
AND Altitudinal Levels 


TOTAL 

NUMBER 

PRINCIPAL HABITAT OP 

BELONGING 

Endemic Oenera 

to: 

Endemic Species 

SPECIES 

Open country 
(second growth, 

Number 

Percentage 

Number Percentage 

and so forth) 35 

Grasslands 

(Savannas, and 

0 

0 

4 

1 1 

so forth) 43 

Lowland forest 
(Sea level — 

I 

2 

14 

33 

400 m. 72 

Hill forest 

27 

38 

53 

74 

(400 m. — 1,400 m.) 51 

Lower mountain 
forest 

21 

41 

38 

75 

(1,400 m.— 2,200 m.) S3 

High mountain 
forest 

33 

62 

51 

96 

(2,200m, — 3,600 m.) 22 

II 

50 

22 

100 


Geographic barriers are active not only in separating species ranges 
horizontally but, under certain circumstances, also vertically. On the 
border of Guiana, Venezuela, and Brazil, there are a number of moun- 
tains, the remnants of a vast elevated sandstone plateau which eroded 
away suflBciently to leave these isolated rocks. Some of these mountains 
are sheer cliffs which rise up more than a thousand feet above a talus 
slope. The animals hving on top of these cliffs are very effectively iso- 
lated from their nearest relatives at the foot of the cliff. This has pro- 
duced cases of strong subspeciation (Chapman 1931). 

In other cases of altitudinal variation the isolating factors are not as 
clearly developed (Rand 1936, Miyr 1940a, b). A particularly interest- 
ing condition prevails on the south slope of the mountains of south- 
eastern New Guinea (Wharton Range). This slope is inhabited by a 
number of grassland birds which range from sea level up to the highest 
peaks. However, these grasslands are not continuous through this entire 
altitudinal scale, but are broken up into three belts, a lowland zone, a 
mid-mountain zone, and an alpine zone, all three of them completely 
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separated from one another by forest belts. At least two species of birds 
have developed an endemic subspecies in each one of the three grassland 
zones (Fig. 26). 



Similar barrier effects of unsuitable habitats have been described for 
ecologically specialized species of nearly all groups of animals. The well- 
known blackish races among mammals on the lava flows of the American 
Southwest could evolve because these rock-loving species are unable to 
cross the surrounding sandy deserts. Those lava flows that are in broad 
contact with pale rock formations have failed to develop distinct black 
races (Dice and Blossom 1937, Hooper 1941). Waterfalls are sometimes 
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important barriers for fresh-water animals. The Murchison Falls of 130 
feet or more separate very effectively the fish fauna of Lake Victoria 
(and Kioga) from that of the Upper Nile. Only 3 species occur in an 
identical form above and below the falls in a fish fauna of some 50 
species below and 120 above (Worthington 1940). Additional examples, 
as well as a general discussion of the effect of barriers, may be found in 
Plate (1913) and in Hesse, Allee, Schmidt (1937). 

In the sea isolation is rarely complete, and the partially isolated popu- 
lations are usually very large. It is mainly for this reason that marine 
species have fewer subspecies than terrestrial species and that the entire 
evolution in the sea is slower and more conservative. There is much less 
difference, if we compare the fossils of marine strata from the Creta- 
ceous period with modern faunas, than terrestrial strata show. The great 
disparity between the numbers of terrestial and marine species can also 
be explained on this basis. Of the known species of animals about 93 
percent live on land and only about 7 percent in the sea. The marine 
fauna of mollusks, crustaceans, or annelids of a given locality is, in most 
cases, infinitely larger than the corresponding land fauna, but the marine 
fauna has a very wide distribution (sometimes covering all oceans, or at 
least the entire Pacific), while most of the terrestrial species have a very 
limited range. 

Population size and variability . — Naturalists have known for a long 
time that island populations tend to have aberrant characteristics. 
Wright (1931, 1932, and elsewhere) found the theoretical basis for this 
by showing that in small populations the accidental elimination of genes 
may be a more successful process than selection. Furthermore, recessive 
mutations have a much better chance to become homozygous than in a 
large panmictic population. It is therefore very important to learn some- 
thing about the actual size of distributional islands and of their popula- 
tions. 

Some of the smallest and most isolated areas are probably caves, and 
this explains to some extent the very aberrant development of cave 
animals. Populations that are found on isolated rocks in the sea or in 
single ponds are probably equally small. Kramer and Mertens (1938a), 
in their work on the island population of Lacerta siculaj found no lizards 
on islands of much less than 2,000 sqyare meters. The smallest in- 
habited island measured 57 X 34 meters (1,938 square meters) (see also 
Kramer and von Medem 1940). Hubbs (1940b) found more than 50 
new species and subspecies of fish in isolated desert springs, some of 
them apparently in habitats of less than 100,000 cubic feet capacity. 
The areas in the Cyclops and the Wandammen Mountains in New 
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Guinea that are available to mountain animals are only a few square 
miles in extent, but they are the home of numerous endemic subspecies. 
Lack (1942) has made some careful estimates on the size of populations 
in the Galapagos Islands. 

The subspecies of birds which are endemic on Sable Island, on Tucopia 
(Santa Cruz), on Vatu vara (Fiji), and other islets consist probably of 
less than 1,000 individuals. Some even smaller populations, the last 
surviving individuals of these species, are reported by Fleming (1939) 
from Little Mangare Island, Chatham Islands. The Chatham Islands 
Robin {Miro traversi) survives in 20 to 35 pairs, and Forbes' Parrot 
{Cyanorhamphus auriceps forbesi) in about 100 to 150 individuals, while 
the Chatham Islands Bell Bird {Anthornis melanocephala) ^ which was 
present in 1906, has since disappeared, possibly a victim of '^genetic 
homogeneity." There are no predators on the island and nothing has 
changed in the conditions during the last fifty years, Turbott (1940) 
has made a census of the bird population of Taranga (Hen) Island, 10 
miles off the coast of New Zealand, and found about 17 species of land 
birds on this island of 1,175 acres. The estimated number of pairs of the 
various species were: Prosthemadera 1,150, Anthornis 1,100, Hemiphaga 
440, Gerygone 215, Creadion 210, Cyanorhamphus 210, Petroica 185, 
Zosterops 170, Rhipidura 120, Ninox 50, and the other 7 species less 
than 50 pairs per species. All these species are also found on the main- 
land of New Zealand. 

Dice (1939a) has worked out the size of the population of the Black 
Hills deermouse (Peromyscus maniculatus osgoodi) and found that this 
restricted population is comprised of between one and five million in- 
dividuals. Willis (1940) records many cases of restricted species ranges, 
mostly among plants, which are very valuable if they are taken without 
his sweeping conclusions. Dowdeswell, Fisher, and Ford (1940) deter- 
mined by careful marking methods that the population of the butterfly 
Polyommaius teams on Tean Island, Scilly Islands, contained about 350 
individuals. Apparently no migration took place to neighboring islands, 
but about 100 individuals emerged between August 26 and September 8. 

An exact determination of the size of an isolated population is of im- 
portance, in view of Sewall Wright's work on gene loss in small popula- 
tions. Owing to ^^accidents of sampling," small populations have a 
trend toward genetic homogeneity or at least toward a much-reduced 
variability. This is quite apparent in taxonomic work, although only a 
few systematists have taken the trouble to make careful measurements 
and to* work out the coefficients of variation. Lack (1940a) found that 
the 2 most variable species of the Galapagos finches, ^^Geospiza magni- 
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rostriB and G, fortiSf are significantly less variable in three measured 
characters on small isolated islands than they are on large or central 
islands. This relation did not hold in four other less variable species. 
The reduced variability of isolated populations is sometimes even more 
conspicuous in qualitative characters (e. g., color variation) than in 
measurements (see also. Kinsey 1937b). On the other hand, the often- 
made statement that ‘^abundant species are more variable than rare 
ones” is not necessarily correct. Some very rare polytypic species are 
much more variable than some common monotypic ones. The decisive 
point is not the abundance of the species as a whole, but the size of the 
effective breeding population. 

The calculations of Sewall Wright (1931, 1932, and elsewhere) indi- 
cate that effective populations have to be rather small, in the order of 
several hundred individuals or less, before they can be expected to aj^ 
proach genetic homogeneity due to accidental gene loss. If the popula- 
tion size is larger (thousands to tens of thousands of individuals), there 
still may be rapid evolution owing to mutation pressure (in the absence 
of appreciable selection), but the population will remain much more 
variable. If the size of the effective breeding population is still greater, 
approaching panmixia in varying degrees, evolution will be slowed down 
, considerably. The consequence of this consideration is that evolution 
should proceed more rapidly in small populations than in large ones, 
and this is exactly what we find. The genera that are found in the West 
Indies, in the Solomon Islands, in the Galapagos Islands, and on Hawaii 
break up into numerous subspecies and species. The species of the same 
genera may not even be divided into subspecies on equivalent con- 
tinental areas. Kinsey (1936, 1937b) demonstrates this influence of 
population size on the degree of (sub-)speciation existing in the gall 
wasps of the genus Cynips^ and Reinig (1939) on the bumblebees of the 
genus Bombus (examine, for example, his map of B. agrorum). The 
kingfisher Tanysiptera galatea (Fig. 15) has only 3 poorly defined sub- 
species in the large area oi the mainland of New Guinea, but it has 
developed 6 very distinct forms (most of them regarded as species) on 
the small islands where it also occurs. The potentiality for rapid diver- 
gent evolution in small populations explains also why we have on islands 
so many dwarf or giant races, or races with peculiar color characters 
(albinism, melanism), or with peculiar structures (long bills in birds), 
or other peculiar characters (loss of special male plumage in birds). 
Mertens (1931, 1934) lists aberrant characters that are found among 
island reptiles. They are probably also found among invertebrates, but I 
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know of no recent summary on the subject, except those concerning loss 
of flight among island insects and blindness among cave animals. 

The reduced variability of small populations is not always due to 
accidental gene loss, but sometimes to the fact that the entire population 
was started by a single pair or by a single fertilized female. These 
'^founders^^ of the population carried with them only a very small pro- 
portion of the variability of the parent population. This “founder^ ^ 
principle sometimes explains even the Uniformity of rather large popula- 
tions, particularly if they are well isolated and near the borders of the 
range of the species. The reef heron {Demigretta sacra) occurs in two color 
phases over most of its range, a gray one and a white one, of which the 
white comprises about 10 to 30 percent of the individuals. On the Mar- 
quesas Islands and in New Zealand, two outposts of the range, only 
gray birds occur, while the white birds comprise 50 percent on the 
Tuamotu Islands, another marginal population (Mayr and Amadon 
1941). The differences in the composition of these populations is very 
likely due to the genetic composition of the original founders. The same 
explanation probably covers most of the cases in which isolated popula- 
tions of polymorphic species have a much-reduced variability. 

Fluctuaiing population size. — The number of individuals in every 
population of animals is subject to regular annual and irregular cyclic 
changes. The number of individuals of a Drosophila species at the height 
of the breeding season may be many thousand times as high as during 
the pessimum period of their annual cycle, and similar changes occur in 
most animals. The difference between the number of individuals at the 
beginning of the breeding season (adults only) and at the end of the 
breeding season (adults and young) is rather small in birds. In the Song 
Sparrow (Melospiza melodia) M. M. Nice (1937) found that 100 birds 
(50 pairs) could potentially increase to 900 birds by raising 4 successful 
broods, but that owing to high losses of nests, eggs, and young, as well 
as to mortality among the adults, the maximum population size prob- 
ably did not exceed 300 or 350. The normal population at the beginning 
of the new breeding season is estimated to be composed of about 60 per- 
cent old birds and 40 percent ono-year-old birds. The corresponding 
figures in the House Wren {Troglodytes aedon) are, according to informa- 
tion kindly furnished by Dr. Kendeigh, as follows: 100 adults may raise 
potentially 410 young during one breeding season (510 total), but the 
maximum population probably does not exceed 360. The population at 
the beginning of the breeding season is composed of about 28 percent 
old and 72 percent one-year-old birds. The nesting success among sea 
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birds (gulls, terns, and so forth) is apparently still lower, and there is a 
correspondingly lower annual fluctuation and turnover. 

Of greater importance than the seasonal changes, at least in a few 
species, are the cyclic changes such as have been described in some arctic 
animals (Elton 1930). These population fluctuations are, as Sewall 
Wright (1940 a, b) and others have shown, of great importance in speed- 
ing up changes in the genetic make-up of a population. The effective 
population size of such a fluctuating species is much closer to the smaller 
than to the larger number. ^Thus if the breeding population in an iso- 
lated region increases ten-fold in each of six generations during the sum- 
mer (No to 10® No) but falls at the end of the winter to the same value 
No, the effective size of population (N = 6.3 No) is relatively small^’ 
Wright (i94ob:242). It is obvious that the survival of only one No out 
of one million No^s must have a considerable effect on the genetic com- 
position of the respective population, and this is true no matter whether 
accident or superior survival value accounts for the survival of the re- 
maining few. 

It would lead too far afield to examine, in this connection, the factors 
that are responsible for the fluctuations or which prevent species from 
becoming too abundant. The textbooks of ecology contain much in- 
teresting material on the question of the ^ ^balance of nature, a good deal 
of which has an obvious bearing on the problem of speciation. 

Restriction of Random Dispersal by Internal Factors 

External barriers are relative factors. An absolute barrier to a sala- 
mander or to a fresh-water fish may not be a barrier at all to a bird or 
to a flying beetle or to a fly. And an insurmountable barrier to a bird 
may not be a barrier to a tardigrade or a rotifer. The faculty to over- 
come barriers, the ability to colonize new territories, and to becoine 
adapted to new ecological conditions depends on internal factors about 
which we are still very ignorant. The zoogeographer is continuously 
impressed by the differences that exist even between closely related 
species. Such differences in the dispersal faculties have a considerable 
effect on the population structure of the various species. This becomes 
particularly obvious when the dispersal faculty of a species undergoes 
a sudden change. 

The biogeographer encounters not infrequently the phenomenon that a 
species, after a long period of stagnation, suddenly enters upon a phase 
of aggressive range expansion. The best-analyzed case of this sort is 
probably that of the Serin Finch {Serinua Canaria aerinua)^ which during 
a period of 150 years populated most of western and central Europe 
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(Mayr 1926). Other cases have been listed by Timofeefif-Ressovsky 
(i94oa:ii5-i2i). The Australian White-Eye {Zosierops lateralis) in- 
vaded the New Zealand group in 1856 and has now settled on most of 
the islands. It had to jump an ocean gap of 2,000 kilometers. Several 
species of the bug genus Nysius on Hawaii are rather recent arrivals 
from the American mainland (Usinger 1941). Such rapid expansions 
are the best explanation for the taxonomic uniformity of some species 
over wide ranges. The distribution maps of many species indicate that 
periods of stagnation and periods of great range expansion alternate. 
During the “aggressive/^ period such species may be able to jump geo- 
graphic barriers that would normally stop them. The mountain wagtail 
of Europe {Motacilla cinerea) had such an expansive phase during the 
last century and the early part of this century. During this period it 
(lescended from the mountains and hills of central Europe and colonized 
the great plains of northern Germany and Denmark, finally reaching 
mountainous Scandinavia, where it multiplied very rapidly. It is quite 
conceivable that the species will eventually die out in the marginal 
habitats of the plains, after it has passed this expansive stage. The 
Scandinavian and the central European populations would then be 
completely isolated. There is much evidence that this type of phe- 
nomenon happens frequently. Ripley and Birckhead (unpublished) 
have made it appear probable that the fruit doves of the Ptilinopus 
purpuratus group colonized Polynesia in two large “ waves. The major- 
ity of the forms of the older wave have, in the meantime, developed into 
allopatric species, while all the members of the second wave (except the 
very isolated richardsi) may stUl be considered subspecies. The distribu- 
tion of the thrushes of the Turdus javanicus-poliocephalus group in the 
Indonesian islands (Fig. 8) and other similar distribution pictures can 
be explained only if we assume that these species have had aggressive 
colonizing periods, during which they were able to jump barriers which 
are normally insurmountable to them. However, this does not imply 
that all range expansions are due to a change of internal factors. 

Climatic events, such as the deterioration of the climate during the 
Pleistocene glaciation, or the drying up of parts of the tropical con- 
tinental shelves during the height of the glaciation, or the opening up of 
vast continental areas behind the retreating ice during the post-Pleisto- 
cene era, have all contributed toward the shifting of populations. As far 
as the process of speciation is concerned, these periods of range expan- 
sions have primarily two effects. First, they lead to an expansion of the 
restricted ranges of isolated species, a process often accompanied by the 
jumping of min or geographic barriers, and set the stage for the be- 
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ginning of the process of diversification, which is the beginning of all 
speciation. Secondly, they produce an overlap of ranges among numbers 
of closely allied and formerly strictly allopatric species. In other words, 
they complete the process of speciation. Range expansions are thus of 
vital importance, in connection with both the beginning and the con- 
clusion of the speciation process. 

Internal factors, affecting dispersal, play an important role, even when 
no visible external barriers are involved. That the random dispersal of 
individuals is impeded to a greater or lesser extent by such internal 
factors may be concluded from the fact that most species are subdivided, 
to some extent, into different and diverging populations, even in the 
absence of distributional obstacles. If every animal would stay, for its 
entire life, exactly on the spot where it was born, animal populations 
would be extremely localized. Actually, however, every animal moves a 
certain distance away from its place of birth before it reproduces. How 
far the offspring of a pair of animals might scatter and what controls 
these movements was entirely unknown some twenty-five years ago. 
The exact methods of tracing the movements of marked individuals 
have been applied to this problem during recent years, and facts are 
beginning to accumulate. 

The results of this work indicate that very small animals are subject 
to much involuntary dispersal, but that most larger animals are amaz- 
; ingly sedentary throughout their lives and make very little use of their 
potential dispersal powers. This is, in general, also true for birds. Birds 
are potentially good fliers, and it seems peculiar that they should not 
scatter all over the face of the earth. Actually they seem to use their 
power of flight rather to return to their ‘‘home^' in cases of involuntary 
dispersal (storms, seasonal adversities) than for active range expansion. 

I Even insignificant natural barriers frequently stop the interchange of 
individuals between neighboring populations (Mayr 1941b). 

Individuals of both sedentary and migratory species tend to stay in 
the same area (or to return to it) for reproduction year after year. This 
has been proven by so many recent studies that it would be unfair to 
single out a particular one. This field is reviewed regularly in the jour- 
nals Bird-Banding and Vogehug, both devoted to reports on banding 
activities. However, we still lack a really good summary of the field. An 
equally pronounced faithfulness toward a once-chosen locality seems to 
be possessed by many mammals, as has been shown in the case of mice, 
bats, rabbits, and game animals. Many fresh-water fishes are apparently 
also sedentary: 

The results of three summers’ work at Douglas Lake, Michigan, quite 
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definitely indicate that there is little movement of the native game fish 
from one part of the lake to another. Of all the fish marked at several 
locations in Douglas Lake and released at the point of capture none were 
retaken in distant parts of the lake. Recaptures were made only in the near 
vicinity of original capture and release [Rodeheffer 1941]. 

The same has been shown for many species of marine fish (see, for 
example, Hart, Tester, and McHugh 1941). In lizards the work of 
Noble (1934) and Fitch (1940b) has proven that individuals are ex- 
tremely localized in their movements and may live their entire lives 
within a radius of a few hundred feet. In many species of birds, lizards, 
fish, and so forth, the males (and sometimes also the females) defend a 
more or less strictly defined territory during the breeding season, an- 
other factor favoring localization (Nice 1941). 

Homing. — Many animals possess the ability to return to a certain 
locality after they have been absent voluntarily or involuntarily. The 
same individual of many migratory bird species tends to return to nest 
in the same garden or even the same tree after having spent the winter 
in the tropics or in the southern hemisphere. Experiments have provcm 
the most extraordinary homing faculty of many bird species, although 
nothing definite is yet known about the sensory basis of this faculty. 
Homing has also been shown to exist in a number of other vertebrates 
(mammals, fish), but, so far as I know, there is no conclusive proof for 
its existence among invertebrates, although bees and other insects are 
capable of orientation by visual cues. Sedentary birds, such as the house 
sparrow {Passer domesticus) , have very little homing ability. Fitch 
(1940b) also found that western fence lizards {Sceioporus occidentalis) 
were unable to find their way back to their home territories after having 
been removed a short distance. (But see Noble 1934.) 

Not all birds that are capable of accurate homing will necessarily 
breed near their birthplace. A mallard female returned from its winter 
quarters to the same nest box at Antioch, Nebraska, for at least seven 
consecutive seasons (1927-1933), which, together with other evidence, 
proves the excellent potential homing faculty of this species (Lincoln 
1933)* But it is also known that many individuals of this and related 
species will breed far from their place of birth, which is apparently due 
to the fact that pair formation in many migratory ducks takes place in 
the winter quarters. A drake that was bred in Maine may meet, at the 
Florida Gulf coast, a North Dakota duck and follow her to her breeding 
area in North Dakota. The result is almost complete panmixia and 
much-reduced subspeciation. Many of the Holarctic ducks, such as the 
gadwall (Anas strepera)^ shoveller {SpaJtula clypeata), and so forth, have 
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no subspecies, or only one or two very slight ones, in spite of their wide 
circumpolar distribution. 

Pair formation in the geese (A user, Branta, and related genera) takes 
place under different circumstances, and the result is an entirely differ- 
ent species structure. Geese are among the very few birds in which the 
family does not break up at the end of the breeding season, but parents 
and young stay together for nearly a year. They migrate together to the 
winter quarters, they spend the entire winter together, and they do not 
separate until after the return to their nesting area. This closeness of 
the family system, together with their colonial or semi-colonial breeding 
habits, guarantees the closest kind of inbreeding. No other arctic or 
subarctic bird breaks up into so many pronounced races as the geese. 
The Canada geese of the genus Branta have some 6 to 9 geographic races 
in North America, some of which are so different that some authors 
propose to put them in 3 or 4 different species. On Southampton Island, 
Sutton (1932) found at least 2 forms: a larger one (leucopareia) inland 
on streams, and a smaller one (huichinsi) on islands in the shallow coastal 
lakes. The inland form arrives earlier in the spring and builds a large 
moundlike nest; the coastal species starts nesting later in the season 
and lays its eggs in a depression of the ground. The two forms are ex- 
ceedingly similar, except for the small difference in size, but habits have 
produced a degree of reproductive isolation which may be of specific 
rank. The very peculiar taxonomic conditions of these geese, e. g., the 
geographic proximity of strikingly different forms in the absence of 
geographic barriers or of intergrading populations, can be explained only 
on the basis of internal factors. These factors consist, as stated, in the 
social habits, colonial nesting, and the long continuance of the family 
unit, as demonstrated by Heinroth (1911) for Anser and confirmed for 
Branta by J. MoflStt (in litt,). 

Another puzzling situation of bird taxonomy has been largely solved 
through the discovery of the social and reproductive habits of the geese. 
There are two geese in arctic North America, the Lesser Snow Goose 
(Chen h. hyperborea) and the Blue Goose (Chen caerulescens), which 
seem to differ in only one character, namely coloration (see plate IV, 
Journal fur Omithologie,LXXIV , [1926]). The white bird is the common 
bird, while the blue one is restricted to several large breeding grounds 
on BafSins Land, Southampton Island, and the Bear River Region. The 
blue birds nest sometimes in pure colonies, more often, however, in 
mixed colonies with the white form, and it is in such locations that mixed 
pairs and heterozygotes are found. The latter are similar to the blue 
form, but the belly is more or less white. Breeding experiments by avi- 
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culturists and zoological gardens indicate that the difference between the 
two color phases may be due to a single pigment gene, which shows 
normal Mendelian segregation, and biologists have therefore not he^- 
tated to proclaim the blue and the white forms as color phases of a single 
species. Some field naturalists, however, have rejected this solution, be- 
cause the clannishness of the two forms, both on the breeding grounds 
and in the winter quarters, indicates to them that two species are in- 1 
volved. The solution is to be sought in a thorough study of a mixed 
colony, but such has not yet been undertaken. An Eskimo who observed 
the colonies of western Southampton Island (Cape Kendall) estimated 
that there were about 900 pairs of C/ien, of which one-third were blue. 
On the basis of random mating, one would expect 100 pairs of blue 
geese, 400 mixed pairs, and 400 pairs of snow geese, but there were only 
20 mixed pairs, according to the reports of this Eskimo (Sutton 1931). 
This figure, if correct, would indicate selective mating and thus favor 
the assumption of the specific distinctness of the two forms, but there 
are many objections. To begin with, the breeding area certainly con- 
tained many separate breeding colonies, so that no condition of random 
mating existed; furthermore, the evidence of the Eskimo as to the num- 
ber of mixed pairs is very doubtful. The fact that most breeding colonies 
consist of either pure snow or blue geese is probably due to the above- 
mentioned structure of the goose family. Since they are single inter- 
breeding units, they will be of one color type, if they have been founded 
by birds of the same color phase (see Demigretta,^. 237, for a similar 
situation). 

Dispersal restricting factors and geographic variation. — The comparison 
of the far-ranging ducks {Anas) with the extremely localized geese 
(Branta) brought out clearly the importance of the internal factors that 
control dispersal. Even though the geographic ranges (and hence the 
geographic barriers) were nearly identical in both cases, the species are 
very uniform in the case of the ducks and break up into numerous well- 
defined races in the case of the geese. The evidence for differences in 
dispersal faculty is not available in other cases, and we are forced to 
infer its value indirectly by analyzing intraspecific variability. Measure- 
ments of two coexisting species of snails showed that one species {Clan- 
Mia cravenensis) was more uniform (less variable) at any given collecting 
station than the other species (CL ncgosa), but that on a comparison of 
the material of nineteen collecting stations the differences between the 
cravenensis populations were greater than between the rugosa popula- 
tions (Alkins 1928). This probably indicates that cravenensis is less subject 
to dispersal and therefore tends more to the formation of local forms. 
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The formation of local races in the absence of distributional barriers 
will occur whenever the combined effects of recurrent local mutations 
and of selection pressure outweigh the effect of the interchange of in- 
dividuals between local populations. The taxonomist encounters such 
cases continuously; one example will illustrate them suflSciently. 

There is no definite physical or climatic barrier to interbreeding between the 
desert plain mammals of the Tucson and Yuma districts in southern Ari- 
zona, yet a number of species (about 7) are represented by different sub- 
species in the two districts. Undoubtedly, many or all of the subspecies of 
the Yuma district are continually interbreeding at the borders of their ranges 
with their relations in the Tucson district [Dice and Blossom 1937]. 

The taxonomist likes to speak of '‘subspeciation by distance^^ in such 
cases. No serious effort has yet been made to determine the effective 
rate of exchange of individuals between one local population and the 
next (factor m of Sewall Wright 1931, 1940a, b), but some rough calcu- 
lations have been made which give us indirectly an indication of how 
various species may differ in regard to this factor. There are two ways 
of approaching this problem. One method consists in determining the 
amount of ^^swamping^^ in incompletely isolated populations. The deer 
mouse of the Nebraska sand hills {Peromyscus maniculaius nebrascensis) 
is a small, incompletely isolated population which is being swamped 
continuously by individuals from the surrounding darker races. The 
sand-hill populations and also those plain populations from near the 
sand hills are consequently much more variable than the populations of 
the same species living many miles removed from the influence of the 
sand-colored populations. The higher variability in pelage color of the 
sand-hill stocks ‘*is well illustrated by the standard deviations of the 
tint-photometer readings. They are: 4.38, 4.13, 2.98, 2.98, 2.97 and 2.94 
for the sand-hill stocks. They are: 3.64, 3.25, 2.82 and 1.72 for the sta- 
tions near the sand hills, and are below 2 for all the stations away from 
the sand hills” (Dice 1941). Exactly parallel conditions have been ob- 
served in regard to the endemic races of rock-inhabiting mammals that 
occur on the lava flows of the arid American Southwest. Well-defined 
blackish races have evolved only on those rocky lava flows that are 
completely isolated by sandy or otherwise rockless areas. 

Raven Butte [for example] is not completely isolated from the immediately 
adjacent Tinajas Atlas Mountains, and rock inhabiting mammals are able 
to pass freely back and forth between the black lava of the butte and the 
pale granites and gneisses of the mountains. The area of the butte is so 
much less than that of the mountains that it is not surprising that the color 
of the mammals on the butte is similar to the color of those taken on the 
lighter colored rocks of the mountains [Pice and Blossom 1937]. 
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The correlation between swamping and completeness of isolation was 
determined more accurately for the lava flows (malpais) of Valencia 
County, New Mexico (Hooper 1941). There are 8 species of mammals 
that occur on the lava flows and in other rocky locations, but are absent 
from the adjoining sandy desert plains. In not one of these species are 
ail the individuals from the lavas darker than the individuals outside. 
In 4 species there is no difference whatsoever, in 4 others the malpais 
populations average darker. No species reaches the extremes of increased 
pigmentation attained by the corresponding species in the Tularosa 
basin. The reason for this difference is that the Tularosa malpais are al- 
most completely (at least for 29/30 of their circumference) isolated in 
the sandy desert, while the Valencia malpais are in broad contact (i/io 
to 3/5 of their margin) with adjoining rocky areas. Sumner showed the 
same for the beach-sand-inhabiting races of Peromyscus poUonotits, 
P. p. leucocephaluSy which lives on isolated sandy islands, is very much 
paler than P. p. albifronSf which lives on the sands of the mainland 
beach, but is continuously swamped by the dark P. p. polionotus from 
the dark soils of the interior. The break between the dark and the pale 
races does not coincide in this case with the break between the pale 
sands and the dark soils. 

Often not enough credit is given to the dispersal faculties of certain spe- 
cies, and the swamping factor is consequently underestimated. Kramer 
and Mertens ( 1 938a) have analyzed the races of the lizard Lacerta sicula on 
the islands off the coast of western Istria. They find that the distinctness 
of the island populations depends primarily on two factors, the size of 
the island and the time of separation from the mainland. However, 
they completely overlook a third factor, namely, chance dispersal across 
the water, a method of distribution well established in lizards. Many 
puzzling situations in regard to these island races become clear, if we 
allow for swamping. For example, Rivera Island, which according to 
size and time of separation should have a population about as distinct 
as that of Polari Island, has a much more differentiated population be- 
cause it is more than twice as far away from the mainland. Galiner Is- 
land,' which on the basis of size and age should have a population similar 
to Galopan, differs markedly, but is rather close to the mainland in 
race and distance. 

A second method for determining swamping makes use of the degree 
of subspeciation. Rensch (1933) bases his analysis on the fact that the 
more sedentary an animal is (and the smaller the factor m), the more it 
will tend to break up into geographic races. This is reflected not only in 
the number of races per pol3rtypic species, but also in the proportion of 
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monotypic species (species without geographic variation) among all 
species. Insectivores (mammals), for example, have on an average 50 
percent more races per polytypic species than bats of similar size. There 
are 20 percent more species of bats without geographic variation than 
among the insectivores (moles, shrews, and so forth). Six families of 
more or less sedentary Palearctic birds had 100 percent more races per 
polytypic species than 9 families of migratory birds. Among the 115 
species of the sedentary families only 34 (or 29.6 percent) were mono- 
typic, while among the 288 species of the migratory families 115 species 
(40.0 percent) were monotypic. This indicates, as might be expected, 
that migration produces greater dispersal (increased m) and hence de- 
creased subspeciation. 

Habitat selection as an isolating factor . — The dispersal of a species is 
obviously determined not only by its mobility, by its homing faculty, 
and by its ability to overcome geographic obstacles, but also by its 
ecological plasticity, that is, by its ability to settle in different habitats. 
A species which is restricted in its occurrence to one single very narrow 
ecological niche, is likely to be subjected to identical selective forces 
throughout its range and is likely to show little geographic variation, 
unless the localities of its occurrence are insular. On the other hand, a 
species which is equally at home in a number of different sets of environ- 
mental conditions and which is at the same time either sedentary or 
strongly homing, should break up into a maximum of geographic races. 
The song sparrow {Melospiza melodia)^ with about 28 subspecies on the 
North American continent, is a good example of such a species. 

Naturalists have always marveled at the unfailing accuracy with 
which animals can find the right ecological niche to which their species 
is adapted. This ^^habitat selection^^ (Elton 1930) is an important factor 
in species formation, as pointed out by several recent authors (Grinnell 
1928, Lack 1940b, Miller 1942). It is generally impossible to determine 
accurately what the factors are that determine this habitat preference, 
but often it seems to be rather the '^general aspect^' of the environment 
than a specific physical or chemical constant (Bates 1941b, Lack 1940b). 
Habitat selection is unquestionably involved also in the development of 
the bird races that are adapted to specific soil colors. Such birds seem to 
seek definitely soils which agree with their own color, in contrast to 
ground mammals whose preference for a certain soil is more likely to be 
determined by the consistency of the soil (rocky, gravelly, sandy) than 
by its visual aspect. Niethanamer (1940), who experimented with the 
color preference of South African larks, writes as follows: 
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It is very striking in southwest Africa that reddish larks are found only on 
red soil, and dark ones on dark soil, even where two completely different 
types of soil meet, as at Waltersdorf, for example, where the dark soil, rich 
in humus, comes in contact with the red Kalahari sand. Mirafra sabota 
hoeschi stayed entirely on the dark soil, in spite of the fact that the area of 
the red sand began only a few hundred meters from its territories. On the 
other hand, I met Mirafra africanoides on the red sand up to its very edge 
but never on the dark soil, which was inhabited exclusively by Mirafra 
sabota hoeschi. Similar conditions prevailed at the Farm ‘^Spatzenfeld^^ with 
the exception that the red sands here border light lime pans, where Spizo- 
corys starki lives. I tried to chase little groups of Spizocorys starki to the 
red sands, but in vain — they turned before the beginning of the red soil and 
flew back directly, as if they knew, to their accustomed light lime soil. The 
red Mirafra fasciolata deserti which in Spatzenfeld inhabits the red sands 
did not go astray either in the lime pans. The reverse experiment I made in 
Lidfontein. I tried to chase the red Mirafra africanoides gobabisensis from a 
red dune to the light lime soil — again in vain. I do not believe that the 
experiment will ever have a different result because it is obvious that the 
birds are conscious of the color of the soil that corresponds to their own 
coloration. 

RESTRICTION OF RANDOM MATING (BIOLOGICAL 
ISOLATING MECHANISMS) 

The inability of the potential mates to meet each other was the reason 
for isolation in the situations discussed to this point. Such isolation by 
external barriers (frequently assisted by internal factors) will lead to a 
break-up of a formerly uniform species into distinct populations and 
subspecies, but such geographic isolation will not be suflBcient to com- | 
plete the speciation process. A species is defined by us as a reproductively ' 
isqlated group of populations, and it is obvious from this definition that 
species must possess isolating mechanism which safeguard this reproduc- 
tive isolation. Geographic isolation without the development of biological 
isolating factors cannot lead to species formation, because if two species 
meet, which up to that moment have been geographically isolated 
populations, they will interbreed freely, unless a new set of barriers 
begins to operate, thus replacing the former geographic barriers. The 
question is: What are these biological barriers and how do they originate? 

Some rather elaborate classifications of the biological (physiological) 
isolating mechanisms have been proposed in recent years, but we can 
reduce these to four simple steps: 

" I, Mating does not take place because ecological factors prevent the 
naeeting of the potential mates, at least while they are in reproductive 
condition. 
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2. Mating does not take place because there is an ethological in- 
compatibility (ethological factors). 

3. Copulation is prevented through the physical inconformity of the 
copulatory organs (mechanical factors). 

4. Mating takes place, but is more or less unsuccessful, owing to vary- 
ing degrees of sterility or hybrid inviability (“greneh'c” and physiological 
factors). 

Reproductive isolation between most related species is accomplished 
by a combination of several of these factors. Diver (1939) illustrates 
this in a suggestive case: 

I have observed an interesting attempt at a cross between two species now 
placed in different genera, Helix aspersa and Cepaea hortensis. There is no 
marked spatial isolation between these two species, since their geographical 
distributions overlap widely and they are not uncommonly found together 
in the same habitat. . . . The facts of this observation were that a single 
hortensis, which had been isolated in a cage containing two aspersa, was 
found to be in courtship with one of them. When this courtship had been in 
progress for a little time, the other aspersa became sexually active and at- 
tempted to intervene, but much to my surprise without any success. The 
original pair continued for many hours making innumerable futile attempts 
to mate before they finally gave up the struggle. Though in this case the 
'^psychologicar^ barrier failed to hold, the mechanical barrier did and the 
genetic barrier was never tested. 

The relative importance of the various isolating mechanisms is differ- 
ent in different groups of animals. It seems, however, as if there was al- 
ways one primary factor. In birds, with their songs, territories, and 
complicated courtships, it seems as if behavior patterns were paramount, 
and we know of many cases of good sympatric species or even genera 
which are not separated by a sterility barrier (certain ducks, pheasants, 
and pigeons). In the moth genus Plaiysamia, on the other hand, 
Sweadner (1937) reports partial or complete sterility between forms 
which seem to have no ethological isolating mechanisms or only very 
weak ones. Different means accomplish the same end in both cases: the 
effective biological isolation of two closely related sympatric species. 

Ecological Isolating Factors 

Habitat differences. — Closely related sympatric species are often 
characterized by differences in their habitat requirements. One species 
mlty live in the forest, the other in open fields, or if they are fresh-water 
organisms one may live in shallow water, the other in deep water, and 
so forth. We have already come to the conclusion in our discussion on 
I sympatric speciation (Chapter Vlll) that such ecological differences 
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develop during geographic isolation. Lack (1940b), who at one time 
thought that habitat segregation might lead to sympatric speciation, 
admits now that this is exceedingly unlikely. He postulates, and I agree 
with him, that most habitat differences are ^^historical accidents.’^ ^This 
seems the only way to account for differences in the habitat distribution 
of closely related species, differences which are often slight and [at least 
in birds] apparently unrelated to any adaptations, but yet are charac- 
teristic for each species.” That the ecological differences between species 
might have originated through geographic variation of habitat require- 
ments is indicated by the very conspicuous differences which we have 
found to exist between different populations of the same species {Turdus 
poliocephaluSy p. 57; Corvus coraXy p. 57). Where two well-defined sub- 
species of one species occur at the same locality, but in different habitats, 
it is evident in most cases that these differences first originated in geo- 
graphically isolated populations which formed overlapping ranges by 
secondary expansion. Dice (1940a) suggests that this is true in the case 
of the overlapping races of Peromyscus and this seems also the best 
interpretation of the ecological races of the Song Sparrow {Melospiza 
melodia) in the San Francisco Bay region of California (Mayr 1940a). 
The same is true for those altitudinal races that are not connected by 
intergrading populations. 

Of particular interest are cases in which differences in habitat require- 
ments distinguish subspecies which are in geographic contact and con- 
tribute toward keeping them isolated. This occurs, for example, among 
two species of aquatic or semiaquatic reptiles of Florida (Carr 1940). 
Both species, the turtle Pseudemys floridana and the snake Natrix 
sipedoriy are found in two kinds of habitats, in inland waters (lakes, 
ditches, creeks) and in coastal waters (seashore, coastal rivers, and so 
forth). The turtle has a northern (floridana) and a southern {peninsu- 
laris) race among its inland populations and a northern (mohiliensis) 
and a southern (suwanniensis) race among its coastal populations. The 
fact that the inland and the coastal subspecies completely exclude each 
other in the northern part of the range is not explained by the geography 
of the country. Farther south 

both peninsularis and suwanniensis occur in Citrus Co., the former being 
found only in the lakes and ditches, and the latter only in the rivers, and 
this relationship apparently holds in all the gulf counties from here to 
Pensacola. South of Citrus Co. peninsularis gradually replaces suwanniensis, 
... In Lake Panasoffkee . . . the two forms meet and intergrade. In 
Natrix sipedon we find virtually the same situation. 

Two closely related species of dragon flies now overlap in north-central 
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Florida, the isolating barriers having broken down in late Pleistocene. 
The northern species Progomphus obscunis is, in the zone of overlap-, 
restricted to rivers and streams, the southern species P. alachuensts 
inhabits lakes (Byers 1940). Numerous similar cases have been quoted 
in the literature, for example those concerning warblers (Phylloscopits) 
and mice {Peromyscm). 

Altitudinal races are often quoted as sjunpatric ecological races, but 
this is not quite correct since the two forms do not occur exactly at the 
same localities. We have already treated altitudinal races in an earlier 
chapter (p. 196), but it may be mentioned here that altitude preference 
is a very real isolating mechanism, not only for races but also for closely 
related species. This has a bearing on the question as to the ecological 
relationship of related species. The older taxonomic and ecological 
literature contains some rather verbose discussions on the question; 
“Whether the areas occupied by allied species are in general identical, 
overlapping, or totally distinct?’^ We know now that all three types of 
distribution occur. Many of the allopatric species of former days are 
nowadays considered subspecies, and the rule that the next relative of 
any given species is some allopatric species is not necessarily correct in 
groups, which employ the polyt3pic species concept consistently. 
Closely related species have in continental districts usually broadly 
overlapping ranges (for example, in the bird genera Dendroica in North 
America, Pams in the Palearctic, Pachycephala in New Guinea, and 
so forth). Stresemann (1939) has, however, listed a number of examples 
in which two related species are almost completely allopatric, but do 
not hybridize in the narrow zone of overlap. He suggests, and the facts 
seem to support his thesis, that reproductive isolation has preceded 
ecological divergence in these cases. The two species are still so similar 
in their requirements that, as competitors for the same habitats, they do 
not succeed in entering each others^ ranges. On the other hand. Diver's 
work has shown (see p. 203) that several closely related species can share 
each others' ranges, even though their ecological requirements are 
seemingly identical. The same has been found by the bird ecologist 
(Lack 1940c). 

The situation is somewhat different on islands. To begin with, many 
related species with insular ranges (islands or mountains) are strictly 
allopatric, because they are, in fact, nothing but “glorified subspecies." 
On the other hand, mere geographic representation does not always 
prove very close relationship. The number of ecological niches on small 
islands is generally much reduced and the competition correspondingly 
sharpened. If there are several competing species, the one that arrives 
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first will be the successful colonist and will prevent the landing of later 
arrivals (Mayr 1933:322, Stresemann 1939:361). Ecological competi- 
tors need not be very closely related, as the history of extinctions proves. 
All these facts have been quoted merely to indicate how complicated the 
ecological balance of nature is and how difficult it is to arrive at valid 
generalizations concerning ecological isolating mechanisms. 

It is obvious from this discussion, as we might add parenthetically, 
that no such rule exists as “No two species of the same genus occur in 
the same locality.’^ This rule is supported by certain unscrupulous 
pseudotaxonomists, who use it as a thinly veiled excuse for the most 
reckless generic splitting. Rather the opposite is true; we find that the 
majority of the species of a genus have partly overlapping ranges. 

Seasonal isolaiion, — A much more effective method of ecological iso- 
lation than by habitat specialization is given by the development of 
different breeding seasons. This occurs most commonly in forms with 
short breeding seasons, as is often the case with invertebrates. The breed- 
ing season of birds covers several weeks or months and is usually identi- 
cal or broadly overlapping in closely related sympatric species. The ex- 
ception to this rule is presented by certain sea birds whose breeding 
season is sometimes correlated with water temperatures. Junge (1934) 
has suggested that the fact that the gull Larus argentatus starts nesting 
about two weeks earlier than Larus fuscus prevents the establishment 
of more than a very few mixed pairs in the joint colonies of these two 
closely related European species (see also Richter 1938). 

Fleming (1941) has recently shown that the understanding of specia- 
tion in the whale bird genus Pachyptila is much facilitated if ecological 
isolating factors are taken into consideration. The genus contains six 
species whose breeding ranges in the southern waters are arranged in 
concentric circumpolar rings. Each species may be identified closely 
with specific water temperatures and conditions, as illustrated in 
Table 13. 

It is obvious from this table that the 4 species of the closely related 
desolata and vittaia groups are strictly geographically representative, 
but overlap broadly with the two allopatric species of the very different 
and frequently generically separated group. Geographic isolation, 
as such, has little significance as an isolating mechanism in these wide- 
ranging oceanic birds, and it is probable that an interchange of individ- 
uals between insular populations occurs. Only thus could identical 
races of P. vittata be found, for example, on Tristan da Cunha in the 
South Atlantic and on the Chatham Islands (near New Zealand), 
localities separated by half the earth^s circumference. Different sub- 



Table 13 



i > = Latitudinal distribution. 

The date represents the beginning of egg laying. 
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species of the same species in this genus are always found at the same 
latitudes, or, more exactly, in the same hydrological zones. But once a 
population becomes adapted to a new zone of ocean water, it adopts a 
new mode of life, including a different breeding season, and becomes 
permanently separated. Different species in the same species group 
never breed together, but they may breed in close geographic proximity 
on islands lying near the common boundary of two hydrological zones. 
The species of the turtur group overlap in several places with those of 
the desolata-vittata groups. Where turtur comes in contact with vittata 
(Chatham and Stewart Islands), and where crassirostris breeds in com- 
pany with desolata (Heard Island and Kerguelen), there is strong sea- 
sonal isolation, but crassirostris and helcut,ri breed on the Kerguelen 
at the same season and there is valid evidence that additional biological 
isolating mechanisms keep the species apart. The main point is that the 
isolating factors between closely related species of these ecologically 
highly specialized water birds are ecological factors (strengthened by 
ethological factors), and not mere geographic isolation. 

The Australian roller Eurystomus orientalis pacificus winters in large 
numbers in the tropical islands from Celebes to New Guinea. In these 
islands there live a number of closely related and fairly similar resident 
races of the same species, for example Eurystomus orientalis waigeuensisy 
and it is not rare that one can find individuals of both races at the same 
time at the same location. However, the Australian bird never comes 
into breeding condition in its Papuan winter quarters and crossing of 
the two races is thereby prevented. The same is true, mutatis mutandiSy 
for many migrant races of birds that winter in the range of resident 
races (Blanchard 1941). 

Water temperatures, being more stable than air temperatures, are 
apparently often the factor which controls the difference in the breeding 
season in related species of aquatic animals. Mertens (1928a) lists this as 
the principal isolating factor between Rana ridibunda and Rana escu- 
lenta and between the toads Bomhina variegata and bombina, Blair 
(1941) finds an incomplete, but still rather effective separation of breed- 
ing seasons between several species of American toads of the genus 
Bufo, The deep- and the shallow-water forms of many lake fishes differ 
in their breeding season, and the same factor is an effective barrier be- 
tween the herring races of the North Sea (Schnakenbeck 1931) and be- 
tween the races of the cuttlefish {Sepia officinalis) y according to Cu6not 
(1933), although it is not certain in the latter case that the form filliouxi 
doea not represent the nonbreeding first-year population. 

It is a moot question whether or not such seasonally separated forms 
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would interbreed in nature if this barrier were to break down. There is 
a pair of well-separated species of moths ^^EupUheda innotaia Hufn., 
which feeds on Artemisia, and E. unedonata Mab. which emerges much 
earlier on Arbutus. By cooling the pupae of the Arbutus species, Dietze 
(1913) delayed emergence and produced fertile hybrids with the 
Artemisia species’^ (Hogben 1940:278). This evidence does not neces- 
sarily prove that the difference in the breeding season is the only or 
even the principal isolating mechanism between the two species. Etho- 
logical barriers, which may not operate under captivity conditions, may 
exist in nature as an additional safeguard. 

Ethological Isolating Factors 

Recent studies by the students of animal behavior, as well as the re- 
vised interpretation of many earlier observations, indicate that behavior 
differences are among animals the most important factor in restricting 
random mating between closely related forms. Such ethological^ factors 
refer primarily to the various courtship patterns that precede pair 
‘ formation or copulation, including the display or production of special 
colors, scents, sounds (and songs), and movements. The exact interpre- 
tation of the phenomena belonging to this field is rather difficult, since 
many of these characters have a double or even triple function: They 
may serve (i) as warning or threatening characters to deter competing 
individuals of the species, (2) as recognition marks to giTarantee the 
mating of conspecific individuals, (3) as stimulators to raise the phys- 
iological readiness for copulation or to synchronize cyclic phenomena 
(see Huxley 1938a, b, c, Richards 1927). 

But there are many difficulties, even when these characters have only 
a single function. For example, it is now realized that many phenomena 
that have been recorded in the past as furthering intraspecific sexual 
selection are actually specific recognition marks. Their primary function 
seems to be to facilitate the meeting and recognition of conspecific in- 
dividuals and to prevent hybridization between different species. To 
give even the merest outline of the isolating function of such ethological 
factors would require considerably more space than is available in the 
present treatise. The literature on animal behavior contains much in- 
formation on differences in behavior patterns of closely related species 
which should be examined by those who are interested in this problem. 
A few examples must suffice. Every bird student knows that the species 

^ From the Greek t 6 fdof, the custom, the habit, the ^^behavior pattern.” A popu- 
lar and ooDvenient term in European behavior literature. 



BIOLOGY OF SPECIATION 


255 


of the North American flycatcher genus Empidonax and of the Old 
World warbler genus Phylloscopus, which are almost indistinguishable 
to the eye, can be recognized easily by the mating calls or territorial 
songs. Petersen (1903) observed no less than 37 species of the butterfly 
genus Lycaena in a single valley of the Elburs Mountains, in Persia, 
without any evidence of interspecific mating. He believes that the correct 
species recognition is guaranteed by the specific scents of each species 
and that the visual characters which separate closely related species in 
this genus are due to accidents of evolution and not due to selection. 
J. Crane (1941) found in a study of the Central American fiddler crabs 
of the genus Uca that the males of each species had a definite courtship 
display “which varies so greatly with the species that individuals can 
be recognized at a distance by their characteristic motions. The im- 
portant points in regard to these crabs are: (i) that 12 to 15 species may 
occur within the same restricted area, for example on a mud flat of 600 
square feet, without suflicient differences in habitat preference to serve 
as isolating mechanism; (2) that all these species, although closely re- 
lated and belonging to the same genus, were clearly defined (separated 
by bridgeless gaps), indicating that some isolating mechanism existed 
to prevent swamping; (3) that the recognition marks (of color pattern 
and courtship dances) were strictly specific; and (4) that pair formation 
was a long-drawn-out process, sometimes consuming many days, thus 
guaranteeing the avoidance of hasty “misalliances’^ of individuals be- 
longing to different species. 

In many species of birds there is a more or less lengthy time interval, 
a so-called “engagement period,” between the day of pair formation 
and the first copulation. This period may last from three or four days to 
two weeks or even several months. The engagement is likely to be 
“broken” if the behavior patterns of the two mates do not fit exactly. 
This is the reason wild hybrids are rare in bird species with definite pair 
formation and engagement periods, but fairly conunon, as we shall see 
presently (p. 260), in genera and families without pair formation. 

These ethological factors are fairly effective, even where the differ- 
ences are rather minute, as noted by Diver (1939) for Cepaea and by 
Herter (1934) for the hedgehog. In mammals and other primarily ol- 
factory animals special scents are probably very important, as are the 
rhythm and pitch of wing vibrations and similar features in Droso-\ 
phila. Dice (1940b) makes the important point, which is fully cor- 
roborated by the ornithological evidence, that the establishment of 
reproductive isolation through ethological factors precedes in mammals, 
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in general, the development of intersterility. The divergence of the 
separated forms will accelerate, once the interspecific gap has developed, 
until it finally reaches the level of intersterility. 

We have mentioned in an earlier chapter that the local song races 
in birds were probably not due to inherited song patterns, but rather to 
the conditioning of the young birds to the songs of their fathers and the 
neighboring males. The experimental study of behavior patterns has 
not yet reached a point where we can say which patterns are inherited 
and which are due to conditioning. The fact that Whitman, Heinroth, 
Lorenz, and other students of bird behavior have found that birds 
sometimes prefer to mate with individuals of that species with which 
they have been reared as foster children, rather than with mates of their 
own species, warns us to be cautious (Cushing 1941). Such conditioning 
is likely to play a more important role among vertebrates, with their 
highly developed nervous systems, than with invertebrates (Elton 
1930:84). It may help in promoting local ^^fads,” which may serve as a 
contributory isolating mechanism if they occur in isolated populations. 
The importance of such nongenetic habits should not be overrated, even 
in vertebrates. Cowbirds mate with cowbirds, and cuckoos with cuckoos, 
even though these parasitic species are reared in the nests of foster 
species. Also in all the species in which the female has the entire care of 
the young, such as birds of paradise, humming birds, and so forth, 
the young will not know anything of the display behavior of their 
fathers. It must be entirely innate, at least in the solitary species, if it 
is to be specific. 

Mechanical Isolating Factors 

We unite under this heading all those factors which prevent successful 
copulation because of the incompatibility of the sexual organs. This is a 
field about which we know next to nothing and which probably plays 
only a very subordinated role. The differences in the sexual armatures 
which exist between related species of insects are, in most cases, not 
sufficiently strong to prevent successful copulation, as has been pointed 
out by Goldschmidt (1940) and Dobzhansky (1941a). Other observa- 
tions that were interpreted in the past as being due to such mechanical 
factors have recently been unmasked as ethological, that is, as being due 
to incompatibilities of the very complicated epigamic behavior that 
precedes copulation in many animal species. 

Reduction op Mating Success 

Nature has one last trump card, when all the other isolating mechan- 
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isms fail, and that is lowered fertility (reproductivity). This comprises a 
whole scale of phenomena, but they all belong to one of two classes: 
(i) Nonproduction of viable (Fi) hybrids, either because fertilization is 
prevented (inability of the spermatozoa to reach or to penetrate the 
eggs) or because, after fertilization, there are cytogenetic disturbances, 
chromosomal incompatibilities, abnormalities in various growth and 
organ-forming processes, and so forth; or (2) sterility (of varying de- 
grees) in the (Fi) hybrid. A full treatment of the subject has been given 
by Dobzhansky (1941a), and we do not need to add anything to his 
excellent analysis. This field is the domain of the cytologist, geneticist, 
and embryologist; the taxonomist, with his specific methods, cannot 
work in it. Isolation through sterility is most important in those groups 
of organisms in which ethological isolating mechanisms are not highly 
developed, and this, in turn, is correlated with the method of reproduc- 
tion, as we shall see. 

ISOLATING MECHANISMS AND THE METHOD OF 
REPRODUCTION 

Mammals, birds, butterflies, snails, and most of the other animals 
whose biological isolating mechanisms we have been discussing have two 
characteristics in common. First, the sexually active individuals have 
a certain “cruising radius” and actively seek each other, and secondly, 
fertilizat ion is internal (mammals, insects, and so forth) or at least in- 
dividual (amphibia, and so forth). Individual fertilization is the ex- 
clusive method of reproduction of all land animals. Among sea animals 
individual (mostly internal) fertilization is typical for the marine mam- 
mals, for many fish (e.g., most nest-building species), for most arthro- 
pods (except cirripedia), and for certain vermes (most platyhelminthes, 
nematodes, oligochaetes, and so forth). Most other marine organisms 
and particularly all sessile species depend on mass fertilization. This is 
the usual method of sexual proj:)agation in sponges, coelenterates (free- 
swimming and sessile), most polychaetes, bryozoa, bivalves, echino- 
dermes, tunicates, and many marine fish, to mention merely the major 
groups. What usually happens in animals belonging to these groups is 
that all the members of a colony or of a free-swimming swarm discharge 
their eggs and sperm simultaneously, in response to definite external 
stimuli. These stimuli must be highly specific; otherwise all the related 
sympatric species might spawn together, thus exposing themselves to 
the danger of considerable hybridization. Not much is known yet about 
the mechanisms that provide for the synchronous reproduction of con- 
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specific individuals, but it seems as if two essential steps were involved. 
First, there is a purely environmental stimulus, consisting apparently of 
a rather complex combination of factors relating to temperature, light, 
salinity, oxygen concentration, pH level, mineral contents, and so forth. 
If all these factors are right, a physiological readiness for reproduction is 
attained. One of the individuals will finally reach such a high degree of 
sexual readiness that it produces a ^^sex stuff, an organic substance 
the release of which into the water will result in the spawning of all other 
conspecific individuals in the vicinity. It is conceivable that selection 
could build up such an exact response to the particular sex stuff of every 
species that this would act as an isolating mechanism, at least in con- 
junction with the inorganic environmental stimuli. There is no reason 
why these various stimuli should not act as isolating mechanisms with 
the same high eflSciency as courtship patterns in birds and specific scents 
in moths. In fresh water the prevailing reproductive methods are again 
different, with internal or at least individual fertilization fairly common 
and with the reduction of free-swimming larvae. If there is an expulsion 
of the sex products into the water, it usually is limited to the sperm, 
while the eggs develop in brood p)ouches, and so forth of the female. 
Again the emphasis is placed on a different set of isolating mechanisms. 

It is probable that ecological factors (^‘niche characteristics^^) play a 
bigger role than ethological factors in all those animals that are re- 
stricted to a narrow ecological niche. This will be true for a sea animal 
that is associated with a distinct level of salinity, or for a river animal 
that can exist and reproduce only under very specific water conditions, 
or for a soil-inhabiting animal that can live only in a specific type of soil 
(not to mention host-specific animals). A vast amount of work remains 
to be done before the relative importance of the various isolating me- 
chanisms in animals living under different ecological conditions and 
utilizing different reproductive methods can be stated accurately. 

THE BREAKDOWN OF ISOLATING MECHANISMS 
AND ITS CONSEQUENCES 

Isolating mechanisms are not infallible, and, when they fail, forms 
will cross that had more or less diverged in their genetic make-up and 
taxonomic relationship. Such interbreeding is called hybridization. It is 
very diflScult to define this term, or at least to delimit it against various 
forms of intraspecific interbreeding. The use of the term hybridization 
is undoubtedly justified if individuals of different families, genera, or 
good species interbreed. But to what extent can the interbreeding of 
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individuals of different subspecies or merely of distinct populations of 
the same species be called hybridization? If we were to accept a species 
definition as narrow as that of Lotsy (seep. 1 18), almost any cross-mating 
of genetically distinct individuals (different biotypes) might be called a 
case of hybridization, and Lotsy, in fact, did not hesitate to go to this 
extreme. We shall presently examine whether or not it is possible to 
delimit hybridization against geographic intergradation, but we must 
first study some other aspects of the hybridization problem. 

Where and when does hybridization occur? The most common hy- 
brids are those between subspecies; species hybrids are rarer, generic 
hybrids are still rarer, and hybrids between members of still higher 
systematic categories are quite exceptional. Hybridization, therefore, - 
indicates relationship, but it should be stated emphatically that the 
degree of sterility observed in the hybrids does not indicate the degree 
of relationship. In some orders of animals even intergeneric crosses are 
fertile, while in others, as for example in Drosophila^ crossings are partly 
sterile between some of the subspecies or between species that are hardly 
distinguishable. The cytogenetic reasons for this are manifold and still 
rather obscure (Hertwig i936,T)obzhansky 1941a). In birds, the families 
Anatidae (ducks), Columbidae (pigeons), and Phasianidae (pheasants) 
are noted for the relatively high fertility of interspecific crosses. Such 
different-looking (though closely related) species as the Golden and the 
Amherst Pheasant {Chrysolophus pictus and amherstiae) seem to be per- 
fectly fertile in their F2, F3, and so forth. The same seems to be true 
for the various species of the genus Cants (dogs, wolves, jackals, coyotes). 
They are good species and several of them have overlapping ranges; 
still, hybrids between them are very rare in nature. It is therefore not 
admissible to use sterility as a species criterion in animals. 

All the cases of hybridization in animals may be classified, from the 
viewpoint of the systematist, into those that are caused by a breakdown 
of the mechanisms that prevent (i) random mating and (2) random dis- 
persal. To the first class, which we might also call “sympatric hybridiza- 
tion,’^ belong all those cases in which an occasional hybrid is produced 
between two good species that coexist over wide parts of their ranges 
without mixing. The second class, which we might call ^^allopatric hy- 
bridization,” includes primarily the hybrid swarms which occur where 
the ranges of two incompletely separated species meet in a border zone, 
owing to the premature breakdown of a geographic barrier. These two 
types of hybridization involve two rather different types of biological 
phenomena, even though the geneticist may not see any difference be- 
tween the hybrids that are produced. 
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Occasional Hybrids between Sympatric Species 

We have seen that four kinds of factors (ecological, ethological, me- 
chanical, and genetic) participate in preventing the production of hy- 
brid individuals between sympatric species. The mere fact that such 
hybrids occur indicates that some of the isolating mechanisms may 
break down occasionally, and it may be interesting to find out under 
what circumstances this takes place. In birds, we have a fair amount of 
information, since some collectors, sensing their scarcity value, have 
specialized in the collecting of hybrids, and amateur observers have 
always been fascinated by them. We can state, on the basis of the data 
collected by these naturalists, that s3Tnpatric hybrids are found pri- 
marily in genera in which copulation is not preceded by pair formation 
and an “engagement perioil.^’ In most species of birds of paradise 
(Paradisaeidae), for example, one or several males perform on a display 
ground and the female appears there merely when she is ready for 
fertilization. After this has been accomplished, she alone builds the nest, 
incubates the eggs, and raises the young. It apparently happens, on 
rare occasions, that a female is attracted to the display ground of the 
wrong species and is fertilized. There are now some two or three dozens 
of such hybrids known, which is, indeed, a small number, considering 
that more than 100,000 skins of birds of paradise were exported from 
New Guinea between 1870 and 1924. Such hybrids are known between 
ten genera (Fig. 27) (Mayr 1941a). Two of these genera (As/rapfo, 
Cicinnnrus) have crossed with only one other genus, 3 genera (Epi- 
machus, Paroiia, Seleucides) with 2 other genera, 4 genera (Paradigalla, 
Craspedophora, Paradisaeaj Diphyllodes) with 3 other genera, and one 
genus (Lophorina) with 4 other genera. No hybrids are known from the 
7 other New Guinea genera, which is primarily due to the fact that the 
species of these genera are very rare. The only exception is the genus 
ManiLcodiaj with 3 distinct species, which is quite common but from 
which no hybrids are known. The puzzle as to why this genus is not in- 
volved in intergeneric (or interspecific) crosses has recently been solved 
by Rand (1938), who found that the birds of this genus form pairs and 
the males take part in the raising of the young. This is in contrast to all 
other birds of paradise, with the apparent exception of the closely related 
genera Phonygammus and Macgregoria. These 3 genera have failed to 
develop conspicuous sexual dimorphism. Sympatric hybrids (many of 
them intergeneric) have also been described from all the other families 
of birds in which pair formation is absent (at least in certain genera), for 
example, humming birds {Trochilidae)^ Grouse {Tetraonidae) and 
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Manakins (Pipridae). The only common hybrid of this type among 
European birds is that between the capercaillie {Tetrao urogallus) and 
the Black Cock {Lyrurus tetrix), more than 200 hybrid individuals being 
known. The two species are, to a considerable extent, ecologically sepa- 
rated, which may help to uphold the distinctness between them, since 
back crosses between the Fi cf* and the Tetrao 9 are occasionally fertile 
(Bergmann 1940). 



Fig. 27. Diagram of intergeneric hybridization among birds 
of paradise. The letters refer to the parental species. A = 
Paradigalla; B = Epimachus; C = Astrapia; D = Parotia; 

E = Lophorina; F = Craspedophora; G = Seleucides; H = 
Diphyllpdes; I = Cicinnurm; K = Paradisaea. The numbers 
refer to the specific names that were applied to these hybrids, 
as listed by Mayr 1941a. 

It is not accidental that we find in the above-mentioned families not 
only the highest development of sexual dimorphism, but also the great- 
est difference between the males of closely related species. These differ- 
ences are so striking that even the geographic races are so different in 
many species as to be considered to be generically distinct by earlier 
authors. There is necessity for highly specific recognition marks in those 
species in which copulation is not preceded by pair formation or lengthy 
^iigagement periods. On the other hand, sexual dimorphism tends to 
deteriorate on small islands on which selective species recognition is 
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unnecessary, since no other species of the genus is present (p. 49). This 
may shed added light on many situations which have been described in 
the past under the heading, sexual selection. 

Hybrids occur much more rarely among pair-forming species of birds. 
In such cases the male and female have conunitted not only an original 
“mistake,” but have apparently not “corrected” it afterwards by 
abandoning the brood. Suchetet (1896) has given a full summary of the 
earlier literature on the subject, and Meise (1936b) has added some addi- 
tional recent cases. There are now known, for example, 10 or ii hybrids 
between Hirundo rustica (barn swallow) and Delichon urbica (house 
martin) and 16 hybrids between Carduelis carduelis (goldfinch) and 
Chloris chloris (greenfinch). Hybrids between Panes caeruleus (blue 
titmouse) and Parus cyanus (lazure tit) were so common in a part of 
Russia that they were, at one time, considered a separate species (P. 
pleskei). The best-known case in North American birds is that of two 
species of North American warblers, the blue- winged warbler (Fer- 
mivora pinus) and the golden- winged warbler (F. chrysoptera) , which 
form occasional hybrids of two distinct types, the so-called Brewster^s 
warbler (F. Uucohronchialis) and Lawrence^s warbler (F. lawrencei). 
The two parental species differ in at least five obvious characters, but 
are fairly similar in song and habitat requirements, although the golden- 
wing is the more northerly species and generally prefers the higher parts 
of slopes in the localities where the two species overlap (Forbush 1929). 
There is no modern analysis of the situation available, but it is known 
that the hybrids are fertile (they produce young in back crosses) and 
that hybridization has not led to a blurring of the border between the 
two species. The two species do not live in the climax forest, but rather 
in clearings, at the edge of the forest, and in abandoned fields, and it is 
probable that the hybridization is of recent date and caused by man- 
made habitat disturbances. Hybrids form only a very minute percentage 
of the individuals in all the species mentioned, and I know of no case in 
which the occurrence of hybrids has resulted in a blurring of the border 
line between these species. We are dealing here with cases of exceptional 
breakdowns of the isolation between well-defined sympatric species. A 
breakdown of the isolation between good sympatric species, owing to 
human interference, is more frequent in groups that live in narrower 
ecological niches than birds do. The undeniable blurring of the border 
between some of the Bufo species (p. 267) may find its explanation in this 
manner (Blair 1941), and it seems plausible that this may also be the 
explanation for the occasional occurrence of hyorid populations between 
Californian species of garter snakes (Thamnophia) (Fitch 1940a) (see 
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p. 133). It will not be possible to state how widespread this phenomenon 
is among insects until the polytypic species concept has found a wider 
acceptance in entomology. 

Hybrid Populations or Hybrid Zones 

If a geographic isolating barrier, which had separated two diverging 
populations, is lifted, any of four processes may occur: (i) The two 
p)opulation8 have, during the isolation, developed to full species, which 
are reproductively isolated and sufficiently distinct in their ecological 
requirements not to be close competitors. The lifting of the barrier will 
generally lead to a broad mutual overlapping of the ranges. (2) The two 
populations have developed to full species, which are reproductively 
isolated, but are closely competitive owing to nondevelopment of 
sufficent differences in the ecological requirements. The result is a nar- 
row overlap in a border zone, such as found between Cepaea nemoralis 
and vindobonensiSj Luscinia luscinia and megarhynchuSy and other cases 
described in our discussion of overlaps (p. 176). (3) The two populations 
have acquired different habitat preferences during their isolation, but 
not reproductive isolation. This results in a curious interlacing of ranges, 
with hybridization at the borders of habitats. (4) The two populations 
have not perfected either different habitat preferences or biological iso- 
lating mechanisms that would guarantee reproductive isolation and 
consequently will hybridize freely on coming into contact. In this case 
a more or less extensive hybrid population, a zone of secondary inter- 
gradation, will be formed in the area of contact. 

We have already called attention (p. 99) to the difficulty of distin- 
guishing such zones of hybridization from ordinary zones of primary 
intergradation. Most taxonomists speak of intergradation when two 
subspecies gradually merge with each other. They find that there is, 
inserted between the two subspecies, a series of intermediate populations 
which connect the two extremes perfectly and which are no more vari- 
able than other neighboring populations. In a hybrid zone, on the other 
hand, we find that the change from one character combination (sub- 
species a) to the other combination (subspecies h) is very abrupt and 
that in the area of the break a population occurs which is exceedingly 
variable. In such hybrid populations, individuals may be found that are 
indistinguishable from subspecies a, others that are like 6, while the 
majority are intermediate (in various character combinations). 

Central Europe has witnessed, within the last 50,000 years, one of the 
most spectacular liftings of a major geographic barrier, an event that 
has left a deep mark on many species. At the height of the Pleistocene ice 
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age not only most of northern Europe was covered with ice, but another 
area of glaciation formed in the Alps. The Alpine and the Scandinavian 
ice caps approached to within 300 miles of each other in central Ger- 
many. There was a cold steppe between the two ice margins, uninhabit- 
able to all but a few arctic animals. The fauna that had been living in 
Europe up to the ice age was forced to retreat either to the west of the 
Alps (southern France, Spain) or to the southeast (Balkans) (Strese- 
mann 1919, Meise 1928a, b, Reinig 1937). Nearly all European species 
of animals lived in these two more-or-lcss completely isolated refuges 
for a considerable part of the Pleistocene — and diverged considerably 
during this isolation. When the ice began to retreat northward, the 
species expanded their eastern and western ranges and finally met in 
central Europe. The result was either a hybrid zone, such as is found in 
Corvus (Meise .1928a), Sitta (Sachtleben, L0ppenthin), and Aegiihalos 
(Stresemann), indicating that speciation had not been completed; or 
overlap (seep. 176), indicating the completion of speciation. The facts 
are so striking and so clear that they do not seem to permit of any other 
interpretation. 

The same barrier and its breakdown has, of course, affected all 
animals, not birds alone. We have already discussed its effect in the 
genera Rana and Triton It is unquestionably also of importance 
among insects, but only a few examples have so far been described. The 
hybrid zones in the Alps, described by Pictet (1935), may have the same 
origin (see also Bateson 1913). 

A series of hybrid zones in eastern Europe and Asia (Meise 1928a, b) 
also owe their existence to a breakdown of some former barriers. De- 
mentiev (1938) lists 36 Russian species of birds that form such hybrid 
zones, most of them coinciding in a few regions which form distinct belts, 
such as are found in western Siberia, between the Caspian and Aral 
Lakes, and north of the Caucasus. A well-known “contact zone^^ is 
located in the province of Astarabad (northeastern Persia), from which 
hybrid flocks have been described, for example, between the shrikes 
Lanius collurio kobylini and L. c. phoenicuroides and between the gold- 
finches Carduelis carduelis subcaniceps and L. c. loudoni. Paludan (1940) 
illustrates, in a colored plate, the merging which takes place in the 
Astarabad district between two superficially very distinct but allopatric 
“species’^ of buntings, Emberiza melanocephala and icterica. In a single 
flock individuals may be found that arc almost typical of cither species, 
as well as every imaginable intermediate stage. 

In North America similar hybrid zones have been described in a 
number of species. The western bronze grackle {Quiscalus quiscula 
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aeneus) and the eastern purple grackle (Qw. qu. quiscula and stonei) 
meet in a hybrid zone which extends from Louisiana to New England 
(Chapman 1936). In a single nesting colony in this belt, 10 males were 
collected of which 4 were stonei^ 2 were aeneus^ and 4 showed various 
stages of intermediacy; in another colony, among 10 males, one was 
stoneij 3 intermediate, and 6 more or less typical aeneus. The hybrid zone 
between the eastern yellow-shafted flicker (Colaptes auratus) and the 
western red-shafted flicker {Colaptes cafer) runs from British Columbia to 
Texas, and the infiltration of genes of one species into the range of the 
other is noticeable for a zone more than 1,000 kilometers in width and 
more than 3,000 kilometers long (Allen 189 2).. Hybrid zones between less 
wide-spread species or subspecies are shorter, as may be seen by Miller’s 
(1941) maps of the allopatric Junco species and by the map of the races 
of the wild sheep (Ovis) in North America (Cowan 1940). 

I know of no case among North American birds in which a hybrid 
zone was derived from more than two sources. Among the insects of the 
upper Mississippi Valley, a few cases of hybrid populations are known in 
which an eastern, a western and a northern component are distinguish- 
able (Kinsey 1936, Spieth 1941). In all these cases there is apparently 
no reproductive or ecological isolation, and rather broad areas of in- 
tergradation could therefore develop. Post-Pleistocene range expansions 
have produced 6 contact zones in the moth genus Platysamia between 
previously isolated populations. In 3 instances a zone of complete 
secondary intergradation has developed, in 2 cases {nokomis x cecropia, 
Columbia x cecropia) there is no intergradation, but occasional hybridiza- 
tion, while the sixth contact (between gloveri and cecropia) is too recent 
to have had much effect (Sweadner 1937). It seems, on the basis of these 
data, as though P. cecropia had reached specific status, while all the 
other forms are still actually or potentially interbreeding. 

Similar hybrid zones are found on all continents (Meise 1928b). A 
celebrated case is that of the pheasant genus Gennaeus (Silver Pheasants) 
where a number of hybrid populations have developed in upper Burma 
between the strikingly different though allopatric species laihami 
(= horsfieldi) and nycthemerus. Some 20 names have been applied to 
individuals, showing the various recombinations of the characters of the 
2 parental species (Ghigi 1907, Ticehurst 1939). A number of hybrid 
zones are also known in New Guinea (Meise 1928b), including one be- 
tween the Yellow and the Red Birds of Paradise (Fig. 13), but a more 
detailed discussion of these cases would not yield any new principles. 

The most striking aspect of many of these hybrid zones is their rela- 
tive stability. The width in the case of Corvus is from 75 to 100 kilo- 
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meters, and there is no evidence that it has broadened materially within 
the last 5,000 years. Even assuming that adult birds nest year after year 
in the same tree and that the young settle down no farther than 500 
meters from the place of birth (which is well within the probable mini- 
mum), the hybrid zone should now cover the whole width of Europe. 
Meise suggested that hybrids might have a lowered viability, and this 
explanation has been accepted by Huxley (1939, 1940) and Dobzhansky 
(1940), since no alternative seems possible. So far there is no evidence 
that this assumption is correct; as a matter of fact, nests in the hybrid 
zone which were examined contained the normal number of young. There 
is also the possibility of selective mating, but again there is no positive 
evidence. Collecting of crows has proven that there are no ^^pure^^ 
specimens in the hybrid zone. Even birds that seemed in the field to be 
either cornix or corone showed their hybrid nature on closer examination 
in the laboratory. This fact more or less invalidates the sample counts 
of pure and mixed pairs by field naturalists. Meise (i928a:76) lists for 
one locality, among 103 corone and 25 cornix y 13 percent of mixed pairs, 
instead of the expected 32 percent; in another locality, among 7 corone 
and 31 cornix y 20 percent of mixed pairs, instead of 30 percent; and at a 
third locality, among 3 corone and ii cornix y 33 percent of mixed pairs, 
as expected. The samples are too small and the visual evidence too un* 
satisfactory to be conclusive or to justify statistical treatment. 

Dobzhansky (1941a) considers that ^^the zones of intergradation are 
narrower where the duration of the contact has been longest, and 
broader where the contact is more recent. This is expected if isolating 
mechanisms are in process of formation where these incipient species 
hybridize.^^ To me, this interpretation does not seem to correspond to 
the facts. According to Meise, the width of the hybrid zone in the case 
of Corvus is determined by local ecological factors. Narrow stretches 
occur in the most “recent^^ part of the zone (Schleswig) and in the oldest 
(the Alps). The zone at the southern foot of the Alps is narrow, because 
cornix is a bird of the plains and corone inhabits the higher levels. In the 
case of the grackle (Quiscalus) the zone is narrow in the south not only 
because wide uninhabited stretches of prairie (western Louisiana) and 
mountains (Tennessee) separate the ranges of aeneus and stonei over 
much of the territory and because there is a habitat difference between 
the two forms in Louisiana (Chapman 1936), but also because the south- 
ern birds are sedentary, while the northern birds are migratory and are 
thus more likely to scatter into each others^ breeding ranges. This evi- 
dence may be summarized by stating that no sufficient reason has yet 
been found for the narrowness of many hybrid zones of long standing, 
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except possibly a lowered viability of the hybrid. All the cases described 
hitherto have one feature in common, namely, that between two rather 
distinct and homogeneous allopatric forms a zone is inserted in which 
both types are found (in a small minority), as well as every possible type 
of intergrade or recombination. Such hybrid zones are apparently true 
^‘melting pots^’ between the parental forms. 

A special type of hybridization is encountered, if the two hybridizing 
populations had developed different habitat preferences during their 
isolation, a situation referred to by us under process (3) on page 263. 
The meeting of such populations is limited by their habitat preferences, 
and, instead of developing a well-defined hybrid zone, such populations 
will show a curious interlacing of ranges, with hybridization wherever 
the two respective habitats meet. The distribution of the various sub- 
species in the snake genus Rhinocheilus can probably be explained on 
this basis (Klauber 1941b). 

There is, however, still another kind of allopatric hybrid zone. We 
find occasionally, although these cases are in the minority, that random 
mating is cut down in the zone of contact and that the number of hy- 
brids is small. The western (europaeus) and the eastern (roumanicus) 
species of the European hedgehog (Erinaceus)y which are apparently an- 
other product of the Pleistocene isolation, overlap now in two narrow 
zones, one in northern Germany from the Baltic to Silesia, and the other 
along the eastern foot of the Alps. Herter (1934) found that of 82 in- 
dividuals caught near Berlin, 66 belonged to europaeus y 10 to roumanicus, 
while only 6 showed a combination of the characters of the two species. 
There is no ecological isolation between the two species, and crosses in 
captivity are apparently completely fertile. A similar situation for North 
American toads (Bufo) has been reported by Blair (1941). Extensive 
collecting data indicate that wherever two or more members of the 
americanus-terrestris-fowleri-woodhousii complex occur together, some 
intermediates are to be expected. A very careful analysis was made of a 
mixed americanus-fowleri population, and it was found that at least 
three isolating mechanisms between the species were operating, i.e., 
breeding season, habitat preference, and mating call. None of these, 
however, was absolute, and a heterogeneous mid-season population was 
found. The fact that only a few individuals revealed hybrid origin indi- 
cated that the hybridization was of rather recent date and possibly due 
to habitat disturbance caused by man. Nevertheless, the possibility of a 
reduction of the viability or fertility of the hybrids cannot be ruled out 
altogether, even though no evidence for it could be found in the breeding 
experiments. 
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There is a difference of appearance, but not of kind, between con- 
tinental hybrid zones, such as we have just described, and hybrid island 
populations. It happens occasionally that an insular habitat is colonized 
from two different sources by populations (subspecies, and so forth) of a 
species which had diverged morphologically, but had not yet developed 
reproductive isolation. I have described several such cases from the 
South Sea Islands, for example, for Pachycephala on Whitney Island 
(hybrid population between Pachycephala pectoralis dahli and hougain- 
vtllei) (Mayr 1932c) and for Megapodius on Dampier Island (hybrid 
population between Megapodius freycinet affinis and eremita) (Mayr 
1938b). Lack (1940a, 1942) found that two of the Geospiza populations 
in the Galapagos Island gave every indication of hybrid origin : 

On Culpepper Island in the extreme horth occurs the highly variable 
Geospiza conirostris darwini, which shares characters of G. magnirostris 
(widespread on other islands) and G. conirostris propinqua (on Tower 
Island) and is probably of hybrid origin between these two. On the tiny 
islets of Daphne and Crossman (which are not near each other) occurs a 
highly variable Geospiza species intermediate in characters between G. 
fortis and fuliginosay and overlapping with both. Presumably it is of hybrid 
origin; if so, here is the unusual case of the two species which occur together 
over most of their range without interbreeding, but which interbreed in two 
small isolated localities. 

Three highly variable insular populations of gall wasps (Cynipidae) 
which Kinsey (1937b) describes from Colorado and Utah arc probably 
also of hybrid origin. The hybrid populations of fish and other fresh- 
water organisms (see, for example, Hubbs 1940b, Hubbs and Bailey 
1940) which are found in certain stream systems are apparently also due 
to the colonization of one habitat by immigrants derived from two differ- 
ent sources. 

One of the striking phenomena of recently formed hybrid populations 
is their tremendous variation. Both parental types, as well as all the 
possible recombinations of the parental characters, may be found in the 
same effective breeding population. Where the influx of the parental 
types continues, as in the continental hybrid zones and on certain is- 
lands, the variability will remain constantly high. Meise (1936b) has 
called attention to the fact that the variability may become much re- 
duced where the continuous influx of the parental types is stopped. In 
western Algeria two sparrows occur, the house sparrow (Passer do- 
mesticus) near human habitations, and the willow sparrow (P. his- 
paniolensis) in various types of habitats away from human settlements. 
The two species are uniform and constant in their characters. In central 
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Fi«. 28. Geographic variation of Pachycephala pedoralis in the Fiji Islands. The vertical and the horizontal shading 
illustrate the distribution of the two main groups of sub8j>ecies. The croira hatching indicates the presence of inter- 
mediates which can be interpreted as more or leas stabilized hybrid populations. 
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and eastern Algeria the two species form an exceedingly variable hybrid 
population, including both parental types and a variable intermediate 
type ^^flilckigeriJ^ What makes this case exceptional is that in several 
isolated oases of southern Algeria and in southwestern Tunisia only 
flilckigeri is found, which has become quite stabilized at these localities, 
A similar stabilization has occurred in several Passer italiae populations 
which Meise (1936a) also explains as products of a P. domesticus x 
hispaniolensis cross. He interprets in like manner the lack of variability 
in Pachycephala pectoralis koroanay which is intermediate in location and 
characters (throat yellow, breastband black) between the vitiensis group 
(throat white, black breastband present) and the aurantiiventris group 
(throat yellow, breastband absent) (Mayr i932d) (Fig. 28). Much addi- 
tional evidence makes it apparent that Koro Island was originally oc- 
cupied by the aurantiiventris group and was colonized a second time by 
the vitiensis group. A particularly well-analyzed case of a stabilized hy- 
brid population is that of Junco hiemalis cismontanus Dwight (Miller 
1941:329-343). Hybridization has resulted in all these cases in an in- 
crease of variability of the affected populations and in exceptional cases 
in the formation of new intraspecific units, but it has led in no case to 
the formation of new species. 

Speciation through Hybridization 

In all the listed cases hybridization was caused by the breaking down of 
an isolating mechanism, usually by the lifting of a geographic barrier. 
The result was that two populations, or two subspecies, or two repre- 
sentative species, which up to that time had remained distinct and well- 
separated units, began to mix and to eliminate the gap that had pre- 
viously existed between them. Instead of furthering speciation, that is 
the establishment of discontinuities, hybridization has, in all these 
cases, accomplished just the opposite. Lowers (1936) claim to the con- 
trary has been refuted effectively by Stresemann (1936) and by Lack 
(1940a). Patterson (1942) believes that Drosophila americana is of hy- 
brid origin, but it is by no means certain that this species does not show 
the original variability of this species group and that texana and novo- 
mexicana are not merely specialized offshoots of an earlier, more vari- 
able stock. 

SELECTIVE FACTORS AND SPECIES FORMATION 

The important role in evolution that is played by selection has al- 
ready been treated by us in an earlier chapter (p. 85). In this chapter we 
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are merely concerned with the question of how selective factors influence 
the establishment of discontinuities and what selective factors tend to 
enlarge the gaps between incipient species. Competition and predation 
are generally listed as the two most important factors to be considered in 
this connection. A survey of this field indicates, unfortunately, that our 
knowledge of the actual influence of these factors on the speciation proc- 
ess is still very slight. In fact, it is surprising how badly ecologists have 
neglected these questions. To give an exhaustive treatment of this sub- 
ject, as we have done for the isolating factors, is quite impossible. All 
we can attempt, at the present time, is an analysis of the fundamental 
problems, on the basis of a few concrete cases. 

Competition. — That strong competition is a retarding factor in evolu- 
tion has never been seriously questioned. The rapidity and the degree of 
divergent evolution of the Drepanididae and other families on Hawaii is 
due to the fact that so many empty ecological niches were available. 
Exactly the same applies to the evolution of the Geospizidae in the 
Gal^ipagos Islands. The absence of competitors, to use Sewall Wright^s 
language, apparently facilitates the crossing of valleys between one 
adaptive peak and another. In nearly every East African lake there is 
one small species of plankton-eating fish which is very abundant, form- 
ing an important source of food for the larger fishes. A number of sub- 
species and allopatric species of the Cyprinid genus Engraulicypris fill 
this niche. In Lake Edward, however, this pelagic genus is absent, and 
the same niche is filled by a Cyprinodont, Haplochilichthys pelagicuSy 
which has forsaken the usual Cyprinodont habitat of shores and swamps 
to live a truly pelagic existence (Worthington 1940). It is not clear 
whether H. pelagicus was able to develop in Lake Edward because 
Engraulicypris was not present or whether the latter could not colonize 
this lake because the habitat was already occupied by the Cyprinodont 
species, but this is not of great consequence. The important lesson here 
is, rather, that competition had a very decided influence on speciation 
in Lake Edward. Lack (1940a) calls attention to the fact that even the 
absence of competition will not lead to a multiplication of species, if it 
is not combined with geographic isolation. The rich development of 
Geospizid species in the Gal§,pagos Archipelago contrasts strikingly 
with the situation on isolated Cocos Island, where only a single species 
of these finches was able to develop, in spite of the number of available 
ecological niches. Potential colonizers on continents will generally be un- 
successful, because most of the suitable habitats are already occupied 
to capacity. Competition is also strong on very small islands, where the 
habitat is poor (see above, p. 250). Competition is a factor that is very 
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difficult to analyze, because its importance becomes obvious only when 
it is either lacking or reduced to a minimum (Buxton 1938, Usinger 1941). 

Predation. — The role of predation is even more difficult to evaluate. 
Some recent authors have Claimed that predation impedes seriously the 
multiplication of species, but it is not certain that these claims are based 
on sound arguments. The absence of predators on oceanic islands has 
nowhere led to the production of high numbers of species, although it 
has permitted the development of aberrant types, such as flightless 
birds (Madagascar, New Zealand, and so forth) and giant tortoises. 
Predators have an a posteriori effect; they can exterminate aberrant 
types by entering their range after they have developed. They are also 
a conservative factor by preventing superspecializations, but it is not 
apparent how they could possibly affect the establishment of discon- 
tinuities. Worthington (1937, 1940), supported by Huxley (1941), tries 
to prove that the reason for the differences in the numbers of endemic 
species of fish between various East African Lakes ^ flies in the presence 
or absence of large predators.’^ He illustrates this by the Cichlidae, the 
family with the highest number of endemic species. 


Table 14 

The Cichlid Fauna of the East African Lakes 


lake 


AGE 

SIZE 

(square 

kilo- 

meters) 

GREATEST 

DEPTH 

(meters) 

PREDATORS 

PRESENT 

NUMBER OF 

ENpEMIC 

CICHLID 

SPECIES 

Rudolf 


10,000 B.C. 

9,000 to 
10,000 

75 

+ 

3 

Albert 

} ' 

( Second 

5,350 

48 

+ 

4 

Edward 

1 Pluvial 

Early 

2,120 

122 

— 

18 

Victoria 

Tanganyika 

( ' 
H 

68,800 

31,900 

80 

1,275 

+ 

58 

Ca. 90 

Nyasa 

Cenozoic 

30,800 

730 

(+) 

171 


Table 14 shows at a glance that the size and the age of the lakes are 
vastly more important than the presence of predators. It is probable that 
the rather recent arrival of the predators Lates and Hydrocyon has led 
to the extermination of certain Cichlid species in Lake Tanganyika 
and Lake Albert, but I cannot see that these predators retarded in any 
way the speed of speciation or interfered with the formation of dis- 
continuities. Worthington's thesis is based on the hypothesis of sym- 
patric speciation in fresh-water lakes, but this type of speciation is 
highly improbable, as we have shown in an earlier chapter (p. 2 14). The 
small number of species in Lake Rudolf is not surprising, since this lake 
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has not been in contact with any other river system than that of the 
Nile, and its large population size prevents rapid changes. Furthermore, 
some of its endemic species may have died out as the water became 
progressively more alkaline (it is now twenty times more alkaline than 
most waters flowing into the Nile). That Lake Albert has no more 
endemics than it has is not surprising either, since it is broadly connected 
with the Nile. Lake Edward (small) and Lake Victoria (large), being 
well isolated, have large numbers of endemic species, even though they 
are not very old lakes. That Lake Nyasa has more endemics than Lake 
Tanganyika is probably due to the fact that in its past history it was 
connected with a greater number of river systems. 

It is obvious from this discussion that ‘the case in favor of predators 
as inhibitors of speciation (multiplication of species) is very weak. 

DIFFERENCES IN THE SPECIATION OF PLANTS AND ANIMALS 

We have demonstrated in the preceding discussion that there is a 
great variety of factors which influence the speciation process; we have 
also seen that certain factors are more important in some groups of 
animals, other factors in other groups. But even if we take all these 
differences into consideration, animals as a whole seem to differ con- 
siderably from plants as a whole. Even if we omit from consideration 
the apomictic species and speciation by polyploidy, which have no exact 
parallel among animals (spontaneous sympatric speciation b}^ poly- 
ploidy is unproven in animals, see p. 191), and study only ‘ ‘ordinary^ ^ 
plants, we find some very striking differences. Plants are tied for their 
entire life span to the spot where the seed germinates, and the transport 
of the pollen which leads to fertilization is accomplished by external 
agencies, such as wind and insects. To prevent mistakes and all-too- 
frequent hybridization, plants require different isolating mechanisms 
(cytogenetic factors, habitat preference, flowering season, and so forth) 
from animals, at least different from those of freely moving animals 
with individual fertilization. In regard to dispersal, there is also decided 
disparity between the two groups. The individual animal has a smaller 
or larger cruising radius, within which it is exposed to a number of 
environmental conditions. Its offspring, on the other hand (except in 
the group of “cosmopolitan” species, see p. 211), tends to stay near its 
place of birth. In plants the individual is tied to one spot and subjected 
to the highly specific conditions of its environment. Its offspring, how- 
ever, as seeds or spores, are subject to very wide dispersal, but will 
survive only if they can germinate in a similar ecological niche. 
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These are broad generalizations, with many exceptions of which I am 
fully aware. The important point is that the unquestionable difference 
in the relative importance of the various factors that promote or impede 
speciation must have an influence on the nature of the “species” in the 
two respective groups. The great dispersal power of the light, wind-borne 
seeds of many plant genera led to more or less panmictic populations 
and favored the establishment of speciation processes that are inde- 
pendent of geographic variation. We shall not be able to obtain a real 
insight into the different speciation processes and their distribution and 
relative importance in the various groups of plants and animals until 
the ecological factors (dispersal, various specializations) and the etho- 
logical factors (courtship patterns, mate preferences and aversions, and 
the like) have been correlated with the taxonomic facts (degree and speed 
of subspeciation, and so forth) and with the cytological and genetic 
findings (sterility, and so forth). The time has come for the naturalist to 
organize these data and to present us with a better-balanced picture of 
species formation than can be given by the specialist in only one of the 
experimental or laboratory sciences. 



CHAPTER X 


THE HIGHER CATEGORIES 
AND EVOLUTION 


There are more than one million species of li\ing animals in existence. 
It is an obvious practical necessity for the taxonomist to “classify'' these 
species in order to facilitate their cataloguing, arranging in the collec- 
tion, and identification. Many principles of classification are possible. 
The species could, for example, be arranged according to the alphabetical 
sequence of the scientific species names, or according to size, or accord- 
ing to the habitat and the climatic zone in which they live. Such classifi- 
cations are logical and defensible, if we are interested merely in the 
practical aspect of classification. However, all these systems have one 
or another serious weakness. 

MACROTAXONOMY 

Aristotle, almost 2,300 years ago, was the first to realize that the most 
practical system of organisms is based on the degree of similarity of their 
morphological or anatomical characters. This has eventually become 
known as the “natural" system. Applying this principle, it was found 
that numbers of species' could be united into groups which were identi- 
fiable by a certain combination of characters, and that such units could 
again be combined into higher categories, until all species were arranged 
into a hierarchy of systematic categories. Starting from the bottom, this 
arrangement included species, genus, family, order, class, and phylum, 
as well as a number of intermediate stages, such as section, tribe, and 
the sub- and super-stages of the other categories. The important point 
of this classification is that the assignment of a species to a definite 
category characterizes it immediately as possessing a very definite com- 
bination of structures and biological attributes. So perfect, indeed, is 
this agreement of taxonomic position and structural characteristics that 
it became a source of considerable amazement and speculation among the 
naturalists. Some of the natural philosophers in the first half of the 
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nineteenth century attempted to construct systems on the basis of 
logical categories, rather similar to the modern system of the chemical 
elements, but none of these systems of horizontal and vertical columns 
or of concentric circles was very successful. 

The theory of evolution solved the puzzle of the high degree of per- 
fection of the natural system in a manner that was as simple as it was 
satisfactory: The organisms of a ^'naturar^ systematic category agree 
with one another in so many characteristics because they are descendants 
of one common ancestor! The natural system became a “phylogenetic^^ 
system. The natural system is based on similarity, the phylogenetic 
system on the degree of relationship. It seems probable that a complete 
change of the classification is necessitated by changing the criterium on 
which the system is based. 

Fortunately, the difficulty just stated is more abstract than real. The fact 
is that the classification of organisms that existed before the advent of 
evolutionary theories has undergone surprisingly little change in the times 
following it, and such changes as have been made have depended only to a 
trifling extent on the elucidation of the actual phylogenetic relationships 
through paleontological evidence. The phylogenetic interpretation has been 
simply superimposed on the existing classification; a rejection of the former 
fails to do any violence to the latter. The subdivisions of the animal and 
plant kingdoms established by Linnaeus are, with few exceptions, retained 
in the modern classification, and this despite the enormous number of new 
forms discovered since then. The new forms were either included in the 
Linnaean groups, or new groups have been created to accommodate them. 
There has been no necessity for a basic change in the classification. This 
fact is taken for granted by most systematists, and frequently overlooked 
by the representatives of other biological disciplines. Its connotations are 
worth considering. For the only inference that can be drawn from it is that 
the classification now adopted is not an arbitrary but a natural one, re- 
flecting the objective state of things [Dobzhansky 1941a :364l. 

Are the Higher Categories Phylogenetic Units? 

It is the aim of the systematist, who believes in evolution, to recognize 
higher categories which contain only the descendants of a common an- 
cestor. Every taxonomic category should thus, ideally, be monophyletic. 
Such a phylogenetic system has two advantages: first, it is the only 
system that has a sound theoretical basis (something the natural philoso- 
phers of the early nineteenth century looked for in vain), and secondly, 
it has the practical advantage of combining forms (and there are only a 
few exceptions to this) that have the greatest number of characters in 
common. Besides 4;hese advantages, a natural system encounters also 
two kinds o! difficulties. One is temporary and superficial; it consists in 
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the insufficient knowledge of the phylogenetically important characters 
of many groups. The other difficulty lies in the necessity of presenting 
phylogenies in a linear sequence of species, genera, families, and so forth, 
while the phylogenetic tree (the closest analogue we have to evolutionary 
interrelationships) has the additional dimensions of space and time. No 
system of the taxonomist could, for this reason, be an exact representa- 
tion of the phylogeny, even if all the facts were known. The relation 
between taxonomic systems and phylogeny may consequently be ex- 
pressed as follows: It is one of the aims of taxonomy to establish and 
recognize only such categories of classification as are based on phy- 
logenetic relationship. Existing classifications will fall short of this ideal, 
to a lesser or greater degree, partly for lack of data and partly on ac- 
count of the impossibility of presenting a phylogenetic tree in a linear 
sequence. These diflSculties seem to be of such magnitude in some groups 
that a few authors have seriously proposed giving up the phylogenetic 
system altogether and replacing it by a **^practicar’ classification, that 
is, by one which would permit the most rapid identification of the 
members of these groups. That botanists are more apt to consider such 
'^practical^^ classifications is probably due to the fact that the morphology 
of plants is vastly simpler and less varied than that of all but the simplest 
animals. 

Special adaptations, for example for living in deserts, in the sea, in 
mud, for flying, and so forth, produce ecological types which are suitable 
for a classification based not on relationship, but on the superficial 
similarity of adaptive structures. That such a classification is universally 
rejected by the taxonomist is not so much due to philosophical con- 
siderations, as being more ‘^artificial,” less “natural,” but simply be- 
cause such ecological adaptations generally affect only one or a few 
characters and encounter, therefore, many more practical dfficulties 
than the phylogenetic systems. It is interesting in this connection to 
study the systems of animals that were proposed from the end of the 
Middle Ages to the time of Darwin. We can see how systematic units 
that were based on superficial, adaptive characters were eliminated, one 
after another, and were replaced by new units, containing organisms that 
share a greater number of characters. Even without the knowledge of 
evolution, a system would eventually have been reached by this process, 
which would have been essentially identical with our present one. 

It must not be forgotten, however, that classification does not and 
cannot express phylogeny; it is merely based on phylogeny. It is possible 
to propose a number of different classifications, even in cases where 
there is no doubt about the phylogeny. This is due not only to the fact 
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that the phylogenetic tree is not linear, but also because it is a living 
tree, which is continually growing. The growth is infinitely faster in some 
branches than in others, and species that belong to the same “branch” 
may be farther apart (both actually and figuratively) than species be- 
longing to different branches. This dynamic aspect of evolution makes it 
seem probable that many of our “phylogenetic classifications” are over- 
simplified, but it does not detract from the fundamental soundness of 
the phylogenetic principle of classification. 

The establishment of phylogenetic units encounters the greatest 
difficulties in the groups in which the most striking structures have 
degenerated for various reasons and in which, in consequence, the so- 
called loss convergences occur, I want to illustrate this with a few 
examples. The living birds have been classified for more than one hun- 
dred years (since Merrem i8i6) into 2 major groups, the Ratites (or 
ostrichlike, flightless birds) and the Carinates (or true flying birds). 
Comparative anatomical research has, however, proven that the Ratites 
are a polyphyletic group, containing secondarily flightless birds, de- 
scendants of probably 5 different flying groups. Modern bird systematists 
therefore discard the term “Ratites” and arrange the flightless birds in 
5 orders, equivalent to the orders of flying birds. They know that the 
many striking similarities between these 5 orders are secondary iso- 
morphisms, developed in connection with the loss of flight. 

Another excellent example has recently been related by Richards 

(1938): 

Among the bees there is a number of cuckoo genera of which the larvae live 
as parasites in the nests of industrious species. These cuckoo bees have 
evolved from industrious species and in favorable examples the resemblance 
is still so close that the ancestral genus is pretty certain. Yet some of the 
genera no longer closely resemble any industrious genus. Moreover, there is 
a very definite ‘^parasitic facies'^ dependent not only on the loss of pollen- 
collecting apparatus, but on the presence of bright, sometimes wasp-like 
colors, etc.; most parasitic bees can be recognized as such without observa- 
tion of their habits. For these reasons two different classifications have 
grown up. One endeavors to place each parasitic genus next to its supposed 
ancestor. This is the phylogenetic scheme and, in general, I believe the 
best one, but it has the disadvantage that a number of genera are hard to 
place. The other scheme places all the parasitic bees together in one group 
which, at least in the female sex, is easily defined by the absence of pollen- 
collecting apparatus. Sub-groups within this assemblage roughly correspond 
to the various lines of ancestry. Although artificial this scheme has certain 
advantages in classifying the bees of, say, Africa which are very imper- 
fectly known. 

Grtitte (1935) showed that there was very little evolution among these 



THE HIGHER CATEGORIES 


279 


parasitic genera and that nearly every one of them had developed from a 
normal bee genus. Parasitism apparently reduces the evolutionary po-/ 
tentialities. In most cases these social parasites are host specific, but the j 
genus Sphecodes (which derived from Halictus) now victimizes Halictus, 
Andrena, and Colletes. A careful analysis of this situation enabled 
Grlitte to establish the true relationships of nearly all these bees. This is 
not possible in the case of many true ecto- and endoparasites, which 
have lost most of their distinguishing features during the long history 
of their parasitism. The taxonomy of parasites is therefore a particularly 
difficult field. Roberts (1941) in a study of loss convergences in grass- 
hoppers comes to the conclusion 

that the loss or suppression of a structure is a relatively frequent and simple 
occurrence in contrast to the development of a new type or form of struc- 
ture. Thus, the presence of a structure may be quite significant, but its 
absence should be treated entirely negatively. . . . The outer distal spine 
of the hind tibiae appears not to be influenced by any particular type of 
environment. In as much as it is present in the more primitive subfamilies, 
its absence in other subfamilies may be accounted for by the loss of the 
structure rather than it never having been present in the phylogeny of the 
group ... its loss has occurred independently in several different lines of 
evolutionary development. 

The paleontologist is confronted by still another difficulty. He fre- 
quently finds on closer analysis that one of his genera is composed of 
certain stages of three or four different lineages and is thus obviously 
polyphyletic. Schindewolf (1936), Arkell and Moy-Thomas (1940:397- 
405), and others have cited numerous such situations, nearly all of them 
involving invertebrates. Two classifications are possible in such cases, a 
horizontal and a vertical one. Although the vertical one seems to be 
theoretically the better, the horizontal classification is frequently more 
practical. The student of recent organisms is less likely to encounter 
such difficulties, because there is available to him a much greater num- 
ber of characters than persist in fossil material. This is particularly true 
for fossil invertebrates, of which usuaPy only the shell is preserved, 
which is more subject to modification than the features of internal 
anatomy. However, there is no doubt that even among recent animals 
the number of polyphyletic categories which the taxonomist has not yet 
been able to eliminate is considerable. Among song birds we have the 
notorious family Timaliidae (babblers), which is nothing but a conven- 
ient catchall for all those genera of Old World song birds which do not 
seem to fit into other families. The family Muscicapidae (Old World 
flycatchers) contains a large number of broad-billed genera which seem 
to have developed independently from various narrow-billed groups 
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(“warblers^O- The true grouping of the genera in the ^‘family'' Mus- 
cicapidae will not be learned until other characters besides the bill have 
been examined. 

The term “monophyletic” is frequently interpreted as meaning 
descendants of a single individual. This is, in bisexual animals, obviously 
an impossibility. We employ the term monophyletic as jneaning de- 
scendants of a single interbreeding group of populations, in other words, 
descendants of a single species. A clear understanding of this situation 
makes it apparent that, as far as animals are concerned, the possibility 
of “reticulate^ ^ evolution (as against divergent or convergent evolution) 
may be largely disregarded. Reticulate evolution is possible only where 
different species, genera, and families can hybridize successfully, and 
this occurs only exceptionally in animals, as we have seen in the pre- 
ceding chapter. 

Summarizing this evidence, we may say that the “natural system^^ of 
the modern taxonomist is based on phylogeny and that the higher 
categories are monophyletic units. Shortcomings, in striving for this 
ideal, are due to insufficient knowledge, and the only intrinsic difficulty 
of a phylogenetic system consists in the impossibility of representing a 
“phylogenetic tree^^ in linear sequence. The phylogenetic system of the 
higher categories is not only the inevitable consequence of the acceptance 
of the theory of evolution, but it also guarantees a greater number of 
joint characteristics to the members of the various higher units than any 
other principle of classification that has so far been proposed. 

The Nature of the Higher Categories 

It is important for the practical purposes of the working taxonomist, 
as well as necessary for a real understanding of organic evolution, that 
we devote some thought to the meaning of the higher categories. How 
did they develop in nature? What is their position relative to one an- 
other? Do they possess objective reality, or are they artificial units 
created by the taxonomist for his convenience? If we want to discuss 
these questions we must limit ourselves, for practical reasons, to one of 
these categories and test our conclusions eventually on the others. It is 
most convenient to base our discussion on the genus, since it is the lowest 
and most tangible of the true higher categories. 

^^Lumpers” and ^^SplitiersJ ^ — We have repeatedly emphasized the fact 
that there is extremely little disagreement in well-worked taxonomic 
groups as to the limit of the species. Nearly all authors will agree as to 
what is a species and what is not, except for the border-line cases among 
the allopatric species. Such agreement is utterly lacking as regards the 
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higher categories, and this is the reason they have also been called the 
''subjective^* categories. The bird genus as defined by Mathews, Roberts, 
and Oberholser has little in common with that of Stresemann, Peters, 
and Mayr, to quote some contemporary ornithologists. The same dis- 
agreement is apparent in regard to the families, orders, classes, and so 
forth. What is the principal reason for this utterly confusing divergence 
of opinion? It seems to me that it is largely due to the fact that the 
taxonomists themselves may be classified as idealists or as realists (see 
p. 289, for additional reasons). The idealist believes that quantity and 
quality of taxonomic differences reflect rather accurately the degree of 
relationship, and that this, in turn, could and fehould be reflected in the 
nomenclature. He therefore creates a highly refined hierarchy of taxo- 
nomic units and terms. The realist, on the other hand, sees that no sys- 
tem of nomenclature can adequately express the complicated intergrad- 
ing degrees of relationship, and he therefore finds the higher categories 
primarily a convenient help for the badly overburdened memory of the 
taxonomic worker. This, generally, makes him a “lumper,** as it is 
called in the professional jargon of the taxonomist, that is, a person who 
prefers larger units to smaller ones, if there is a choice. 

The lumper and the “splitter** do not disagree on the question of 
whether or not the higher category should be a monophyletic group; 
they both answer this question affirmatively. They also agree on the j 
fact that the genus has a certain degree of reality. Nobody will seriously 
deny that in a well-worked group it will be possible to list a number of 
criteria which will only apply, let us say, to 6 species but to no others. 
This group of 6 species is thus an objective unit. The disagreement be- 
gins when we ask: Are the joint characters of these 6 species generic 
criteria or not? The question is thus not whether or not the genus, as 
such, has reality, but rather whether or not the borders of the genera are real ! , 
We have seen (Chapter VII) that species are real and objective units, 
because the delimitation of each species is definite and not open to 
argument except in the border-line cases. If we again accept the definite- 
ness of delimitation as a criterion, we come to the conclusion that the 
genus lacks the objective reality of the species, because the greater | 
majority of genera are not separated from other genera by big, clear-cut 
gaps. Most monotypic genera could be united with some other genus, 
and most polytypic genera could equally well be subdivided into smaller 
genera. Where the border of the genus should be drawn is left to the 
subjective judgment of the individual worker. 

The situation can, perhaps, best be illustrated by a diagram showing 
a section of a phylogenetic tr^ with 12 species (Fig. 29). 



282 


THE HIGHER CATEGORIES 


A branch, A, separated from branch B somewhere in the phylogeny 
of the family to which the 12 species belong. Branch A later divided into 
twigs I, 2, 3, and 4, and twigs 2 and 4 subsequently subdivided again 
into 4, viz., 6 twiglets producing a total of 12 final tips of the phylogene- 
tic branch equaling the 12 species. If a splitter and a lumper were to 
look at this situation, they would have no ground for argument as far 
as the phylogeny is concerned and both would agree that the twigs 



Fio. 29. Diagram of part of a phylogenetic tree. The twelve tips of the twigs 
and twiglets of branch A represent twelve species. The “lumper” will arrange 
these in one genus with four species groups, the “splitter” wiU divide them 
into four genera. 

1,2,3, and 4 belong to branch A, and that branch A has no other twigs. 
Both would also agree that 6 species conic out of twig 2 and 4 species 
out of twig 4. The only difference between the lumper and the splitter 
would be that the lumper would consider the 12 species of branch A a 
convenient unit which is widely separated from branch B and is not so 
unwieldy as to require subdivision; while the splitter would consider 
the little gaps which admittedly exist between the species groups 
(twigs) I, 2, 3, and 4 to be of suflicient importance to be expressed by 4 
different genera, 2 of them monotypic. This diagram, with minor varia- 
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tions, illustrates well the situation which nearly always exists when there 
is some disagreement concerning generic limits. 

The definition of the genus . — It is not surprising to find how few authors 
have dared to define the genus. A definition like that of Greenman 
(1940:372): ^The species of a genus must conform in all essential mor- 
phological characters to those of the type species of the genus under 
consideration/^ has all the weaknesses of the long-abandoned '^morpho- 
logicaP^ species definitions. It is useless for practical purposes, since no 
two authors are likely to agree as to what the ^^essentiak^ characters are. 

The degree of variability of the identifying characters of a taxonomic 
category is very important for its delimitation. Related species differ by | 
certain characters which are their specific characters, but they have ! 
other characters in common which are their generic, family, or other 
common characters. In other words, the higher categories are character- 
ized by the less- variable characters. The degree of difference between two 
species is not necessarily a generic criterion, because species are more 
distinct to the taxonomist in some families than genera are in other 
families. On the whole, we may say that genera tend to be separated by 
greater and by more differences than species. 

The best definition of a genus seems to be one based on the honest 
admission of the subjective nature of this unit, and it may not be pos- 
sible to say much more than that ^‘the genus, to be a convenient category 
in taxonomy, must in general be neither too large nor too smair^ (Thorpe 
1940:357). A tentative definition might be: *‘A genus is a systematic 
unit including one species or a group of species of presumably common 
phylogenetic origin, separated by a decided gap from other similar 
groups. It is to be postulated for practical reasons, that the size of the 
gap shall be in inverse ratio to the size of the group. The second sen- 
tence of this definition requires an explanation. We have groups, as has 
been stated repeatedly, that are exceedingly variable and others that 
are very uniform. If the same standards of difference were applied, we 
might have to put every species of one family into monotypic genera 
and all the species of another family into a single genus. Genera with 
500, 1,000, or even 2,000 species are very inconvenient, and any excuse 
for breaking them up into smaller units should be good enough. In 
birds of paradise, on the other hand, morphological differences between 
the species are so well developed that not only all the superspecies, with 
two exceptions {Manucodia)^ have been put into different genera, but 
that even representative species in the genera Manucodiay DiphyllodeSf 
Aetrapia, Parcuiisaea, and so forth have been separated generically on 
what seems superficially very good reasons. The genus would become 
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completely synonymous with the species and would lose its function as 
category of convenience, if we were to recognize genera that are based 
merely on certain morphological differences. 

It is obvious from this discussion that the delimitation of the genus is, 
to a considerable extent, a matter of judgment, and that this judgment 
in turn depends on wide experience and on some intangibles. It has 
happened frequently that some older taxonomist has divided a family 
into let us say eight genera, using what seemed entirely superficial 
characters. When the complete anatomy and life history of the species 
became known, it turned out that the original generic arrangement was 
quite correct. For example, Hinton (1940) was the first author to study 
the internal anatomy of the Mexican water beetles of the family Elmidae. 
The characters he found nearly always supported the previously created 
genera, based on features of external anatomy. In two cases new genera 
had to be erected on characters of the internal anatomy, but external 
characters were found subsequently which supported this division. But 
difficulties remain, even when all the facts are known. This is particu- 
larly true in cases in which the fossil record permits a reconstruction of 
the phylogeny. We find, for example, cases in which we can follow the 
transformation of one genus into another, from stratum to stratum. In 
other cases we find that certain lines have developed much faster than 
others and that we now have among a set of “phylogenetic brothers^' 
some species that are still congeneric and others that are considered 
separate genera. Cases among recent birds that must be interpreted in 
this manner are illustrated in the diagrams on page 285. 

In all these genera we have a number of species or species groups 
which, although separated from one another by clear gaps, are not distinct 
enough to be regarded as separate genera. But in each genus one or two 
species have developed an offshoot, which clearly descended from one 
of these species and which is now (rightly or wrongly) considered a 
separate genus. The origin of these genera is entirely clear in the case of 
SerresiuSf Todirhamphus^ Thyliphaps, Oedirhinus, and Dicranostephes, 
because the species of these genera are still allopatric to the species from 
which they arose. They are obviously only populations that during 
their isolation developed highly peculiar characters. In the case of 
Chrysophaps and Tanysiptera, the relationship is not quite as clear, but 
even these genera are more closely related to one of the species of the 
ancestral genus than the various species of the ancestral genus to one 
another. How shall the taxonomist treat such cases? Shall he lump to- 
gether all the derived genera? Shall he give special rank to the species 
that are ancestral to these genera (or at least very close to the ancestral 
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stock)? Such cases present great practical difficulties, but they are very 
useful in demonstrating what the paleontologists, of course, fully realized 
a long time ago, namely, that “generic characters” can develop very 
rapidly — in other words, that some living genera may be very young. 

Monotypic genera , — The genus concept has a very definite history in 
j every group of animals. The original genus of Linnaus was very wide; 
! it corresponds much better to the family of today than to our current 
genus. This, incidentally, is additional proof for the lack of reality of 
the genus limits, as compared to those of the species, because most of 
the species of Linnaeus are still the species of the present-day systematist 
(except for the inclusion of additional geographic races). As new species 
were discovered all over the world, there was not only the necessity of 
creating new genera for them, but also that of subdividing the old genera, 
which began to get very large and unwieldy. This subdividing con- 
tinued, unfortunately, in the better-known groups, even after no (or 
only few) new species were left to be discovered. The generic “splitters” 
compared every species of a genus with the type species and found in 
this manner that most of these species had slight structural differences, 
even though they consisted only in the presence of an extra bristle or in 
slightly different body proportions. Applying a strictly morphological 
definition of the genus as a yardstick, they considered these often 
infinitesimal differences as sufficient excuse for the creation of additional 
generic names. No attention was paid by these authors to practical or 
biological considerations, and it happened not infrequently that they 
placed different races of the same polytypic species in different genera. 
Sharpe and Ridgway were the leaders of this school among the ornitholo- 
gists, and their splitting efforts have been “successfully” continued by 
Oberholser, Mathews, and Roberts. The result is that we now have 
more than 10,000 generic names for 8,500 species of birds! 

The beginning of this “supersplitting” era coincided with the birth 
of the polytypic species concept. It thus happened that new genera were 
created on purely morphological grounds simultaneously with the re- 
ducing of all “morphological species” to subspecies of larger units 
(polytypic species). The result is that A. Roberts includes* 865 South 
African species of birds in 620 genera, Mathews places nearly every 
Australian species in a different genus, and Oberholser tends to do the 
same for North America. 

Fortunately for ornithology, this purely morphological genus concept 
was not accepted by the majority of workers, and there is not a single 
one of the younger ornithologists who believes in such small genera. The 
latest estimate is that at the present time 2,600 genera of birds an» 
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recognized, with 8,500 species (i.e., 3.27 species per genus) and with 
27,000 subspecies (more than 10 subspecies per genus). Even accepting 
these somewhat more conservative figures, it is admitted that birds are 
oversplit generically. An average of 5 species per genus (or 1,700 genera) 
would be definitely preferable to the present ratio. North American 
birds are particularly badly oversplit. Among genera recognized in the 
fourth edition of the oflSicial Checklist of the American Ornithologists^ 
Union (1931), the following, at least, could be dispensed with and will 
probably disappear eventually from later editions: 

Thalassogeron { — Dtomedea) ^ Thyellodroma (^Puffinus), Moris { — Sula), 
Casmerodiua { = Egretta)^ Sihenelides ( = Cygnus), Chaulelasmus ( = Anas), 
Mareca ( = Ana«), Dafila { — Anas)^ Eunetta ( = Anas), Netiion ( = Anas), 
Querquedula ( = Ana8), Charitonetta ( = Glaucionetta), Arctonetta ( = iSo- 
materia)^ Melanitta (^Oidemia)^ Lophodytea ( = Mergus), Aatur ( = Ac- 
cipiter)^ Parabuteo ( = Buteo)y Asturina { — Buieo)^ Thallaaoaetus Halt- 
aeetu8)j Pagolla ( = Charadrius)^ Eupoda ( — Charadrius), Oxyechus ( — 
Charadriu8)f Squatarola ( = Pluvialis)^ Phaeopua { — Numenius)^ Rhyaco- 
philua { = Tringa)^ Totanua { = Tringa)^ Arquatella { = Erolia)f Pi«o6ia(== 
Erolia), Pelidna (^Erolia), Sieganapus {== Phalaropua)^ Lobipes ( = Phala- 
ropua)^ Endomychura Brachyrhamphtcs), Scotiaptex (==Strix)f N annua 
{ — Troglodytea)^Ciatothorua {=Telmatodytes)f Arceuthornia { = Turdics), Cor^ 
ihylio Regulm), Compaolhlypia Dendroica)^ Chamaeoihlypia ( = (je- 
othlypia), Paaaerherbulua { = Ammodramits)^ Meloapiza { = Passer ella)^ and 
Rhynchophanea { — Calcariua), 

A student of North American birds could probably add additional 
names from the families Phasianidae, Alcidae, Trochilidae, Tyrannidae, 
and Parulidae. There are thus at least 42 unnecessary names among the 
400 genera under which the 800 species of North American birds are 
classified. 

The number of monotypic genera, that is genera containing a single 
species, is very high in birds. Some of them are based on really isolated 
species and are therefore justified. Many others are based on species 
which, in all their characters, fit very well in a genus with other species, 
except that they have ^‘gone crazy^^ in regard to a single character. The 
adherent to a purely morphological genus concept will see in the single 
aberrant character justification for generic separation. The “new sys- 
tematist,” who believes in the group concept of the genus, will look at 
such species “as a whole” and will include them in the same genus with 
all the other species which do not differ in the one peculiar character. 
The fourth edition of the A. 0. U. Check-List (1931) contains 53 (or 
42 percent) monotypic^ genera among the 127 genera of Passerine birds. 

^ Including genera that contain a single superspecies. 
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My List of New Guinea Birds (1941a) contains 50 (or 38 percent) 
monotypic genera among a total of 131 genera; if birds of paradise are 
omitted (with 13 monotypic genera), there are 37 (or 32 percent) mono- 
typic genera among 114 Passerine genera, a figure which still seems un- 
necessarily high. 

The high number of monotypic genera has been rather puzzling to the 
thinking taxonomist. The reasons for it are manifold and not yet fully 
understood. Sometimes such genera are due to the aberrant develop- 
ment of a single character, but, biologically speaking, they are not 
separated by a greater gap than the species of some related genus. 
Sometimes a genus is monotypic because its type species is the last 
remnant of an otherwise extinct stock. A third reason is usually over- 
looked. We can have much divergent evolution without the origin of 
new species and considerable speciation without much evolutionary 
divergence. This sounds rather paradoxical, but there is convincing evi- 
dence that it occurs. There are, for example, species that are changing 
I continuously, but are not breaking up into new species because they are 
restricted to an island or have low dispersal faculties, and so forth. On 
the other hand, we have cases such as the sibling species, in which specia- 
tion (the establishment of reproductive isolation) has occurred without 
a corresponding degree of evolutionary divergence in the taxonomic 
characters. Willis (1940 and earlier papers) has established a special 
rule, the rule of the hollow curve, to describe the regularities in the 
number of species per genus in the larger families. If we plot the number 
of genera against the number of contained species, we get a very char- 
acteristic hollow curve, which indicates that many genera have only 
one or two species, while a few genera have large numbers of species, 
with all other genera intermediate. S. Wright (1941b) finds that this 
shape of curve is to be expected on the basis of mere chance, if in a large 
family the total number of species remains constant and the process of 
duplication of species is balanced by extinction. The question of mono- 
typic genera is quite complicated and depends not only on taxonomic and 
genetic factors, but also on paleogeographic and ecological conditions. 

What is true for the genus is even truer for the categories above the 
genus. Wetmore (1940) recognizes 27 orders of recent birds, Stresemann 
(1927-1934) no less than 48 orders, while some students of fossil reptiles 
suggest, not without justification, that all orders of birds should be re- 
duced to family rank, since the entire '^class^^ of birds was nothing but 
one of the orders of reptiles. Rensch (1934:96-100) gives a particularly 
lucid discussion of these problems, supported by many instructive 
examples. 
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The reaction against the excessive splitting of the higher categories 
has set in not only in ornithology, but in paleontology as well (Arkell 
and Moy-Thomas 1940) and among students of invertebrates. Hand- 
lirsch (1929) warns against the chaos produced by excessive splitting 
and quotes as examples: 

In the family of the praying mantis Giglio-Tos (1927) arranges the known 
1 500 species in 30 subfamilies and 500 genera. There is thus an average of 
only 3 species per genus. Among the genera no less than 150 were made by 
Giglio-Tos himself ; 175 are monotypic, 74 have two species. Roewer (1923) 
puts the 1700 species of opiliones in 500 genera, of which more than half 
(300) contain only i or 2 species. The order of Strepsiptera with 150 species 
has been split by Pierce into 5 super-families, 20 families, subfamilies or 
tribes, and 45 genera or subgenera, of which 29 are monotypical. 

We cannot blame the nontaxonomist for developing a rather low opinion 
of the taxonomist when he comes across such type of work ! 

The reasons for this splitting are manifold. Sometimes it is due to the 
vanity of authors who want to ‘‘survive’’ with as many names as pos- 
sible; sometimes it is due to a too-great reliance on single characters, as 
Hennig (1936a), for example, points out for certain genera and families 
of diptera. The eclipse of the purely morphological genus concept is 
being assisted by a “deflation” of the value of “key characters.” In former 
days, when a species was discovered that did not “key out” in the ac- 
cepted generic key of a family, it was at once described as a new genus. 
The workers who did this forgot that the genus, as delimited by their 
own key characters, was a man-made unit, and not one of nature. It 
would have been much better, in most cases, to revise the generic key 
so as to admit the aberrant species, instead of making a new genus. 
Occasionally, however, the splitting is perpetrated by authors who are 
not only first-rate taxonomists but who also base every one of their 
divisions on the most careful morphological and anatomical analysis. 
The revision of the family Goodefdae by Hubbs and Turner (1939) is a 
good example for this. Every one of the 18 species or superspecies of this 
family is characterized by very distinct characters, which leads the 
authors to separate them into 18 genera (ii created by Hubbs), in 4 
subfamilies. There is no question that the authors make an excellent 
case for subdividing this family into 4 major and 18 lesser groups of 
species, but is it advisable to overburden the memory of the taxonomist 
by calling all of them genera? This work has been singled out because it 
is an exceptionally fine piece of anatomical-morphological research and 
because I agree with all of the conclusions of the authors, except with 
their nomenclature. The genus, if it is to remain useful, has to retain its 
character as a collective category. 
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The species group as a subgeneric unit. — There have been a number of 
recent attempts to combine in the genus two simultaneous functions; 
(i) To give it back its character of a broad collective category, (2) to 
convey some information concerning the subdivisions (smaller gaps) 
between the species of the genus. The oldest compromise is the subgenus, 
but this category has never been particularly popular. After all, if it is 
used in combination with genus, species, and subspecies names, it 
amounts practically to a quadrinomial nomenclature, quite aside from 
the fact that it burdens the memory just as much as if it were a generic 
name. If it is not used, I cannot see why it should be recognized at all. 
In ornithology the subgenus is nearly always used in one of two situa- 
tions: either when an author would like to make a new genus, but does 
not quite have the courage to do so, in the face of the growing opposition 
against new genera; or, just the opposite, when an author wants to sink 
a genus as unnecessary, but does not quite dare to do so because it is 
particularly old or well-known. The subgenus is a temporary stage in 
either case. Several modern authors have therefore proposed to do away 
with the subgenus altogether and to use the ^^species groups ^ instead to 
signify subdivisions within the genus. Ramme (1933) has applied this 
principle to various grasshopper genera, and Knipper (1939) arranges 
the 53 monotypic and 18 polytypic species of the snail genus Helicigona 
in 25 species groups (to mention only two of many similar works). 
Some large genera of birds are: Accipiter (hawk) with 45 species, Cisti- 
cola (warbler) with 45 species, Columba (pigeon) with 52 species, Ploceus 
(weaver bird) with 55 species, and Zoster ops (white-eye) with 67 species. 
Much larger genera, with 500, 1,000, or even 2,000 species, are found 
among invertebrates and especially among insects. There is every reason 
to believe that these giant genera will eventually be broken up into a 
number of smaller ones. The temporary use of subgenera may facilitate 
such a future subdivision. The breaking up of a large genus should be 
done through cleavage. If this is impossible, it is by far preferable to 
retain the genus in its entirety than to try to chip off a few monotypic 
genera. 

It is obvious from this discussion that the question as to whether the 
genus is a natural unit must be answered as follows: The genus is based 
; on the fact that the species are not evenly distinct from one another, 
i but are arranged in smaller or larger groups, separated by smaller or 
larger gaps. The genus is therefore based on a natural phenomenon. 
How many of such groups are to be included in one genus and how the 
genus should be delimited from other genera are matters of convenience, 
to be left to the judgment of the individual systematist. The genus of the ^ 
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systematist is his own artificial creation, and not a natural unit. The 
same is true for the higher categories above the genus (family, order, 
and so forth) ; the groups on which they are based may be natural, but 
their terminologies and comparative values are not. 

MACROEVOLUTION 

We have devoted the first part of this chapter to a discussion of 
supraspecific evolution from the viewpoint of the taxonomist (macro- 
taxonomy). But the higher categories and their evolution have a much 
broader significance. In recent years an attempt has been made by several 
authors to distinguish between micro- and macroevolution. Under the 
term microevolution such evolutionary processes are understood as 
occur within short spaces of time and in lower systematic categories, in 
general within the species (hence also, intraspecific evolution). By the 
term macroevolution we understand the development of major evolu- 
tionary trends, the origin of higher categories, the development of new 
organic systems — in short, evolutionary processes that require long 
periods of time and concern the higher systematic categories (supra- 
specific evolution). There is only a difference of degree, not one of kind, 
between the two classes of phenomena. They gradually merge into each 
other and it is only for practical reasons that they are kept separate. 

The study of phylogenetic trees, of orthogenetic series, and of evolu- 
tionary trends comprise a field which was the happy hunting ground of 
the speculative-minded taxonomist of bygone days. The development 
of the “new systematics” has opened up a field which is far more acces- 
sible to accurate research and which is more apt to produce tangible 
and immediate results. It is therefore not surprising that taxonomists 
have rather neglected the study of macroevolution during recent years. 
It would be an interesting task to discuss and analyze in detail what is 
known about evolution in the higher groups, but this would lead us too 
far afield in this treatise, which is devoted primarily to a presentation of 
the contribution of the taxonomist to the problems of the origin of 
species. We can therefore offer only a very cursory survey of macro- 
evolution. 

Geneticists and most taxonomists have devoted most of their atten- 
tion to microevolution, and the field of macroevolution was left more or 
less to the paleontologist and the anatomist. This has led to difficulties 
and misunderstandings, since paleontologists, taxonomists, and geneti- 
cists talk three different languages, and all three of them have certain 
mistaken ideas about the basic facts and axioms of their sister disciplines. 



292 


THE HIGHER CATEGORIES 


To state that orthogenesis proves that evolution proceeds without selec- 
tion would be just as erroneous as to state that orthogenetic series do 
not exist. And even if some of the generalizations and interpretations of 
the paleontologist and the taxonomist are wrong or expressed in un- 
fortunate (for example Lamarckian) terms, this does not invalidate the 
facts on which these interpretations are based, and nothing is gained by 
ignoring them. Organic evolution shows many very interesting regulari- 
ties, and we must be grateful to the paleontologists and the anatomists 
who have attempted to establish some general laws. Those who are 
interested in this field should consult the recent publications of de Beer 
(1940b), Beurlen (1937), Boker (i935-i937)i i^ranz (1935), Gregory 
(1936a, b), Griggs (1939), Rensch (1939a), Schindewolf (1936), Sewert- 
zoff (1931), and others. 

Macroevolutionary Factors 

A number of recent authors have attempted to show that it is feasible 
to interpret the findings and generalizations of the macroevolutionists 
on the basis of the known genetic facts (random mutation) without re- 
course to any other intrinsic factors. We have indicated in Chapter IV 
that the last word on these questions has not yet been said and will not 
be said until we know a great deal more about geno-physiology. How- 
ever, as Dobzhansky (1941a), Rensch (1939a), and many others have 
pointed out, there are already many genetic phenomena known which 
deprive the macroevolutionary processes of much of their former mysteri- 
ousness. I shall try to give a short review of these factors, but must 
leave their more-detailed substantiation to the genetic literature. 

1. The smallness and frequency of midations: The study of laboratory 
stocks, as well as the analysis of natural populations, indicates a high 
frequency of small genetic changes. Mutations are very rarely major 
upheavals of the genotype (see Chapter IV; also Dobzhansky 1941a, 
Muller 1940, Timofeeff-Ressovsky 1940a). 

2. The multiple {pleiotropic) effect of genes: Many, perhaps most genes 
affect simultaneously several organs, viz., physiological processes in the 
body. The selective advantage of a single one of these effects may lead 
to a spread of the gene and the correlated ‘‘neutral” characters. This may 
explain the rapid spread of many characters without conceivable selec- 
tive advantage. 

3. The multiple genic basis of a single trait: Work on domestic animals 
has shown that selection will continue to produce results generation 
after generation, if applied to characters that are affected by a number 
of different genes. Furthermore, crossing over will permit the accumula- 
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tion of favorable genes in a single chromosome and thus prevent the 
flattening out of the selective effect (Mather 1941). 

4. Many mutaJiiom reversible: This fact permits a drifting back (within 
limits) to a former condition, if, for example, the mutative advantage 
of a gene is eliminated or reversed (Muller 1939). 

5. The growth of individual organs and structures often a function of the 
growth of the whole organism: The work of D^Arcy Thomson (1917), 
Huxley (1932), and others has shown that individual structures may 
grow relatively faster or slower than the organism as a whole (allometry). 
The final size of the structure depends, in such cases, on the final size of 
the organism. 

6. The speed of evolution a matter as much or more of extrinsic as of in- 
trinsic factors: The influence of isolation, swamping, population size, 
accidents of sampling, and the like has been discussed in the previous 
chapter. 

7. Selection a powerjul evolutionary factor: Even genes with a small 
selective advantage will eventually spread over entire populations 
(Fisher 1930), particularly in a fluctuating population, when during a 
pessimum period only the best-adapted individuals survive. 

8. The evolutionary specialization of one organ system compensated for by 
the reduction of others: This is possible, owing to processes of competitive 
growrth during embryonic growth (Huxley 1932, Teissier 1934, Rensch 
1939a, 1940). This compensation is complex; it may be entirely pheno- 
typical in the beginning, but it tends to be enforced by mutational 
processes. 

Maceoevolutionary Principles 

The above are only some of the knowm genetic and evolutionary fac- 
tors which help to explain macroevolutionary 'flaws” and phenomena, 
such as the following: 

The principle of orthogenesis , — Certain organs seem to undergo (within 
a phylogenetic series) a steady process of progressive evolution. This 
has been interpreted by some paleontologists as indicating the presence 
1 of intrinsic factors which control the continuous "improvement” of these 
'organs. It is now known that the process of orthogenesis itself (in a 
purely descriptive sense) has many exceptions, as, for example, that 
many lineages split into three or four, of which only one continues the 
orthogenetic trend, or that a trend is suddenly halted or even reversed, 
and so forth. Typical orthogenetic phenomena may be interpreted on the 
basis of the first, third, fifth, and seventh of the factors listed above. 

The principle of size increase in phylogenetic lines . — This principle. 
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which was established by Cope and D6p^ret, is, strictly speaking, only 
a special manifestation of the principle of orthogenesis. It is now known 
that it has many exceptions, since in many lines large forms have been 
succeeded by smaller descendants. Furthermore, an increase in size has 
a definite selective advantage, not only in periods of a cooling climate 
(see Bergmann^s rule, p. 90), but even under steady external conditions 
(Castle 1932). The first, third, and seventh factors listed above are 
sufficient for an interpretation. 

The principle of convergent evolution . — The same parallel specializa- 
tions are frequently acquired in independent lines. This is sometimes due 
to a basic relationship, since it has become quite apparent that related 
animals tend to have homologous chromosomes and genes (see above, 
p. 74 [herons] and Sturtevant and Novitski 1941). In other cases such 
parallelism is due to convergence, based on the fact that some of the 
fundamental structures of animals can change only in very few direc- 
tions. The canine tooth of mammals can grow bigger or smaller, or 
lengthen to the sabre-tooth shape. It is thus not surprising that this 
latter type has evolved independently in the carnivores (Machairodon- 
tidae) and in the marsupials (Thylacosmilus). This is but one of thou- 
sands of similar examples. In other cases convergent evolution is not 
accidental, but is due to selection by similar environmental factors or 
to the parallel loss of a function (Ratites, among the birds). 

The principle of specialization . — According to this tenet, every phy- 
logenetic sequence leads from generalized “primitive’^ forms through 
more and more specialized forms, until it finally ends in overspecializa- 
tion and extinction. This principle also is true only to a limited degree. 
In most major groups there are some primitive forms left, whereas others 
are proceeding toward specialization. Specialization is not necessarily 
an advantage. Which one of two insect species is better adapted, the 
one which spends its entire life cycle on one species of plant, or the other 
which can feed on a hundred? On the other hand, wherever there is 
strong competition, specialization undoubtedly gives an advantage, and 
there is always th^ possibility that such specialization will lead to a new 
‘‘adaptive plateau,” with unsuspected evolutionary possibilities, such 
as were discovered by the mammalian and avian branches of reptiles 
while most of other reptilian lines came to an end owing to overspecializa- 
tion along a less-promising line. There is no difficulty in explaining 
specialization on the basis of the known genetic phenomena. Neither is 
it particularly difficult to visualize the vulnerability of highly specialized 
forms to extinction. They are adapted for one specific set of environ- 
mental conditions and are much less capable of adjusting themselves to 
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r sudden or drastic changes of environment than are unspecialized forms. 
iThis is the reason unspecialized lines often outlive their specialized 
I offshoots or descendants. 

The principle of irreversibility. — It has been stated that if an organ 
has once been lost in evolution it cannot be redeveloped, or if it has 
changed its function it cannot regain its old function; in fact, that no ; 
evolutionary trend can ever be reversed (the so-called ‘‘Dollops Law^O- 
Dollo himself never made such exaggerated claims, and the law which 
is named after him has innumerable exceptions. It can be accepted only 
as a very broad generalization. Phylogenetic lines are known which 
first increased in size and later decreased. Every organ is determined by 
so many genetic factors that it is against all probability that it would 
be reconstructed in the same manner, once it has been lost. Still, it is 
remarkable how superficially similar the structures are, which, after 
having been lost in the phylogenetic past, have been acquired again for 
the same function. Whales (and relatives) are aquatic mammals which, 
through reptiles and amphibia, had developed from fishes. Many of the ; 
structures of the whale (general shape, fins, and so forth) are remark- 
ably similar to fish structures, lost long previously. The question of 
reversibility from the genetic viewpoint has been treated in detail by 
Muller (1939), and from the phylogenetic viewpoint by Gregory (1936a). 

The principle of harmonious organic reconstruction. Every major 
transformation of an organ is, in general, correlated with a greater or 
lesser change of the entire organism. The acquisition of flight in birds, 
to mention a drastic case, involved a rebuilding of the entire skeleton, 
eventual loss of teeth, change of metabolism, change of the sense organs, 
of the brain, of most of the behavior patterns, and so forth. The organ- 
ism seems to change as a harmonious entity, and not by random muta- 
tion of its parts. This objection to the conventional interpretation of 
evolution by the geneticists (random mutation and selection) has been 
made again recently, in a particularly impressive manner, by Boker 
(i93S> 1936)- As Rensch (1939a) points out, however, harmonious re- 
construction is feasible on the basis of the known genetic facts (the first, 
fifth, seventh, and eighth factors listed above). It must not be forgotten 
in this connection that the genotype of an organism is not merely a 
summation of its genes, but an integrated whole (p. 69). 

Whether function precedes a structure, or vice versa, gives rise to 
eternal argument. Did finches develop heavy bills because they ate 
seeds, or are finches able to eat hard-shelled seeds because they had de- 
veloped heavy bills? The answer is, of course, that neither is correct. 
Warblers did not wake up one morning with heavy bills (‘ Ve are now 
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finches and have to eat seeds thereafter, nor did they develop h^avy 
bills in a Lamarckian fashion because they saw some nice big seeds and 
said to themselves: ^‘Let^s develop a good heavy bill so we can crack 
these seeds/^ The development of the heavy bill was a slow process, 
probably involving dozens of small mutational steps, each one surviving 
only if proving its usefulness in the actual test of selection. It must be 
admitted, however, that it is a considerable strain on one^s credulity to 
assume that finely balanced systems such as certain sense organs (the 
eye of vertebrates, or the bird^s feather) could be improved by random 
mutations. This is even more true for some of the ecological chain re- 
lationships (the famous yucca moth case, and so forth). However, the 
objectors to random mutations have so far been unable to advance any 
alternative explanation that was supported by substantial evidence. 

The principle of conservative characters. — Characters are usually lost 
‘ rather quickly as soon as they are no longer needed, as demonstrated 
by the loss of eyes in cave animals, and so forth. This may be due partly 
to the pressure of reversible mutations (Muller 1939) or because the 
genes that control these characters have a multiple effect and, some of 
the ^ ^secondary” effects being deleterious, they are being selected against, 
after the primary effect has lost its selective advantage (S. Wright 1929, 
Emerson 1938). More difficult to explain is the survival of conservative 
characters long after they have lost their apparent usefulness. Lorenz 
(1937), Heinroth, and others have shown that this is particularly true for 
reflexes and behavior patterns. The flightless birds still possess all the 
stabilizing reflexes needed for flight (Krumbiegel 1938). Most birds still 
scratch themselves with the posterior extremity (leg) ‘^behind” the wing, 
as if the anterior extremity was resting on the ground, which it has not 
done since birds became flying animals (more than one hundred million 
years ago). Just why such characters are retained is not obvious. An 
even-greater puzzle is the question as to why in certain groups entire 
‘‘blocks of characters” are retained without change, characters that are 
the family, order, or class characters. 

The principle of the instantaneous origin of new types. — It has been 
claimed by Schindewolf (1936) that all or nearly all the major types of 
animals have appeared on the earth in a more or less finished form, with 
the links to the presumable ancestors missing. This is, so far as I can 
judge, exaggerated or untrue. If we examine the reptiles, for example, we 
find that such forms as Seymouria, Homeria^ and the primitive mammals 
possess character combinations, just as we would expect them from an- 
cestral, forms. They are the “crotches*’ of the branching phylogenetic 
tree. And Archaeopteryx is as perfect a missing link between reptiles 
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and birds as one could possibly hope for. No special evolutionary 
processes need to be postulated, even in groups where such missing links 
have not yet been found and where the primitive roots of the various 
stems always seem to be missing. Aberrant types can be produced only 
in effective isolation and in rather small distributional areas. The num- 
ber of individuals in such populations is small and the probability that 
they will leave a fossil record is very small, since the known fossils repre- 
sent only a fraction of the former animal life. Furthermore, the early 
forms of most lines are of small size and therefore fragile and not easily 
preserved. There is also some reason to believe that many of the primi- 
tive forms were inhabitants of the tropical forests, of which we have a 
particularly poor fossil record. The fact that there are many gaps in our 
knowledge of the phylogenetic lines does not indicate, as has been claimed 
by some authors, that evolution of the higher categories proceeds by 
big steps, by veritable leaps. On the surface, it appears as if the ideas of 
Schindewolf were the same as those of Goldschmidt, who postulates 
the occurrence of ‘^systemic mutations’^ to account for the origin of new 
species and even of higher categories. The resemblance, however, is not 
complete, since Schindewolf would not cite the origin of a new species 
as a case of ‘'step evolution.” Paleontologists have too many examples 
of perfect evolutionary series, leading without obvious breaks from 
species to species in subsequent horizons, to believe in the instantaneous 
creation of species. 

Another puzzle of the paleontologist is beginning to be cleared up, 
namely the different rates of evolution in different groups or in different 
periods of the same group. This may be due to changes in the mutation 
rate, but there is no certain evidence as yet. But, as we have seen in an 
earlier chapter (p. 243), it may also be due to ecological factors or to the 
small-population principle (p. 236). An animal group that is searching 
for a new “adaptive peak” may undergo rapid evolution, but as soon as 
this peak has been reached evolution may begin to stagnate. This cor- 
responds to the development of man-made machines. The first forty 
years of the motor car showed a tremendous evolution; it is a safe wager 
that the changes of the next forty years will be less drastic. When 
“proavis” began to fly, it evolved very rapidly, but as soon as “the bird” 
was evolved, only minor changes were made on the basic patent. Birds 
multiplied during the Tertiary age, but their basic structure has changed 
but very little during the last sixty million years. 

It is sometimes stated that macrotaxonomic characters, the characters 
of the higher categories, develop in a different way from the differences 
between individuals, subspecies, and species. The previous discussion 
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has already uncovered the invalidity of this thesis, but we might add 
one or two statements. To begin with, what are '^macrotaxonomic'' 
characters? We can determine this only a posteriori. They are the at- 
tributes of higher categories. But it would be impossible to look at con- 
temporary genera and to state which of them would become the ancestors 
of important families and orders of the dim future. The value of a charac- 
ter is determined primarily by the size of the group which exhibits it. 
The same is true for categorical rank. If the pterosaurs were still alive 
today and were as numerous and as rich in species as the birds, they 
would very likely be considered a separate class and not one of the 
reptilian orders. If, on the other hand, birds had become extinct at the 
Archaeopteryx stage, it is very probable that Archaeopteryx would be 
listed merely as an aberrant order of feathered reptiles. 

In conclusion we may say that all the available evidence indicates 
that the origin of the higher categories is a process which is nothing but 
an extrapolation of speciation. All the processes and phenomena of 
macroevolution and of the origin of the higher categories can be traced 
back to intraspecific variation, even though the first steps of such 
processes are usually very minute. 
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34» 35, 93, 219, 220 
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Amhy stoma maculatum, 47; — iigrinum, 
47, 93, 135 

Ameivay species and subspecies, 133 
American Museum of Natural History, 
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Amherst pheasant, 259 
Ammomanes deserti annae, 86 
Amphibia, polytypic species, 135 
AnaSy 219, 243; castanea, 52 
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Anguiostomumy 191 
Anguis fragilis, 46 
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number of species of living, 275; 
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Annelids, 191; size and distribution of 
marine and land fauna, 234 
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Ansefy 219, 242 
Anthomis melanocephaUiy 235 
Antirrhinumj 122 
Ants, 30, 139, 203 
Aphids, 192, 212 
Apis meUifica, 139 
Aplonis gigas, 37 
Aplysiidae, 14 

Apodemus sylvaticus and flavicollis, 202 

231 

Apogamy, 122 

Aptis apus and pallidusy 167 

Arachnids, polytypic species, 141 

ArchaeopteryXy 296, 298 

Archbold Expeditions, 131 

Archi(>elago speciation, 174 

Arctic coloration, 87 

Ardea herodias wardi and occiderUalisy 

150 
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Arkell, W. J., and Moy-Thomas, J. A. 

279, 289 
Artenkreis, 169 
Ascam lumbricoideaf 210 
Asexual reproduction, 191 
Aatrapia^ 153, 170, 260, 283; nigra^ 169, 
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Astrarchia, 167 
Aurelia aurita^ 144 
Autopolyploidy, 191 
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Bats, 246, change in pigmentation, 87 
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Beebe, W., ^ 

Beer, G. R. de, 50, 292 
Bees, 139 orientation by visual cues, 241 ; 
parasitic genera, 278; see also 
Bumblebees 

Beetles, 6, 18, 41, 76, 229; flightless, 139, 
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Behavior differences restrict random 
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Bembidiinae, 90 
Benson, S. B., 87 
Berg, L. S., 136 

Bergmann’s rule, 89, 90, 94, 261 
Bernard, H. M., quoted, 109 
Beurlen, K., 292 

Biological discontinuities, see Discon- 
tinuities 

Biological isolating mechanisms, see 
Isolating mechanisms 
Biological races, 193, 200. 203 ff. passim, 
208-11; definition, 208 


Biological species concept, 146 
Biology of speciation, see Speciation, 
biology of 

Biometric methods, 14, 132, 133 
Biorrhiza ebumea, 76 
Biostatistics, treatment of, 14, 132, 133 
Birckhead, H., Ripley, D., and, 239 
Birds, adaptive variation, 85 ff.; alti- 
tudinal variation, 197; border-line 
cases, 164 ff.; classification into species 
and subspecies, 130; collections, 8, 12; 
courtship patterns, 55; differences in 
degree of subspeciation, 218; dispersal 
faculty, 227; double colonizatioh of 
islands, 173; ecological rules applying 
to, 90; effect of water barriers, 227; 
engagement period, 255; evolution, 
218, 297; extinct species, 224; flight- 
less, 278, 296; fluctuating population 
size, 237; geographic races, 128; habi- 
tat preference, 56, 246; hen-feathered 
races, 48; homing faculty, 240, 241; 
hybrids, 260 ff., 264; individual vari- 
ants, 149, 150; large genera of, 290; 
mating behavior, 55, 256; migratory 
movements, 55; molting period, 50; 
monotypic species, 124; number of 
genera and of species recognized, 286; 
number of species and subspecies, 155; 
patterns of coloration, 42; pheno- 
typical changes in, 60; physiology of 
plumage and plumage change in, 48- 
52; plumage change in captivity, 60; 
polytypic species, 123, 125, 128, 132; 
proportions, 39-41; races per poly- 
typic and monotypic species, 246; 
range of subspecies, 219; seasonal 
isolation, 251; seasonal races, 199; 
size of population, 235; song races. Mi 
256; speed of speciation, 221, 222, 
223; structural polymorphism, 80; 
transient polymorphism, 76; unneees- 
sary genera, 287; wing length, 14, 36 
Birds of paradise, 30, 41, 121, 130, 153, 
167, 170, 229, 230, 265, 283; geo- 
graphic variation, 83; intergenerio 
hybridization among, 260, 261 
Bischoff, H., 210 
BiscuteUa, 122 
Bitterns, polymorphism, 74 
Bivalves, 257 

Black bear, clinal variation of polymor- 
phism, 95 
Black cook, 261 
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Black HillB deennouce, 235 
Blair, A. P., 84, 95, 253, 262, 267 
Blanchard, B. D., 132, 253 
Blending inheritance, 68 
Blossom, P. M., Dice L. R., and, 87, 223 
quoted 244 
Blue goose, 150, 242 
B5ker, H., 292, 293 

Bombina hombina and variegataj 178, 253 
BanibuSt 139, 222, 236; color pha^, 80; 

polytypic species, 125 
Bond, J., 77 

Border invasions. 1 76-80 
Border-line cases, 164-73; overlap of 
ranges, 176 
Bovey, P., 80 
Boycott, A. £., 28, 62, 142 
Brachiopods, 128, 144, 217 
Brachyptemua eryih^onoius and heng- 
halensia iniermediusy 1 73 
Brachyura, speed of speciation, 223 
Bragg, A. N., and Smith, C. C., 203 
BranUit 171, 219, 243; species, 242 
Breeding habits, colonial or semi- 
colonial, 242 
Breeding seasons, 251 
Brehm, C. L., 203 
Breuning, St., 139 
Brewster’s warbler, 262 
Bridgeless gap, 148, 149, 152 
Bronze grackle, 264 
Brown creeper, sibling species, 203 
Bryozoa, 191, 257 

Buch, Leopold von, 157, 162; quoted, 156 
Buchka, £., 229 

BvfOf 203, 253, 262, 267; americanus, 95: 

httfoy 47; JowUriy 84, 95 
Bugs, 176, 210, 239; Bee aUo Insects 
Bull snakes, 179 
Bumblebees, eee Bombus 
BuUo species, 105, 150 
Butterflies, 8, 42, 87, 163, 174, 183, 202, 
209, 235, 255; color variants, 80; cor- 
relation between climate and pigment, 
90; geographic variation, 52; ^gra- 
tory behavior, 56; polytypic species, 
136; species and races, 125; transient 
polymorphism, 76 
Buxton, R A., 272 
Byers, C. F., 250 
quoted, 177 

Caealua gdUriia triUmy 37, 89, 197 
Catochoriua, 122 


Cants, 259 
Capercaillie, 261 

Carabu»y 42, 93, 96, 125, 139; cancellatuSy 
18; monilis and violaceusy 229; nemor- 
alisy 46, 53 

Carduelis carduelisy 60, 262, 264 
Carp, 63 

Carpenter, F. M., ei al.y 223 
Carpodacus mexicanm frontalis and 
mutansy 60 
Carr. A. F., 249 
Castle, W. E., 294 

Categories, collective units, 102; infra- 
specific, 103-8; monophyletic, 276; 
polyphyletic, 279, 280; subjective, 
281; terminology, 103 
higher, 107, 27^80; reaction against 
excessive splitting of, 286 ff.; and 
evolution, 275-98; nature of, 280-91; 
origin, 298 

systematic, 17, 275; and the new 
species concept, 102-22; gradient, 172 
Cave animals, aberrant evolution, 234; 
crickets, 7, 140, 166; spiders, 141; 
swiftlets, 15, 1 1 6, 201 
Cepaea, 203, 255; hortensis and nemor- 
aliSy 20, 32, 34» 75» 7 ^, 105, 202, 248, 
263; vindobonesis, 263 
Cerambycids, 176 

Cercomacra cinerascens and subspecies, 
228 

Cerioceray 204 

Certhiay 177; familiaris and brachydac- 
tyla, 204 

Cestodes, parasitic, 191 
Ceuthophilns, 7 y 136, 140, 166 
Chaffinch, song races, 54 
Chalcites luciduSy 56 
Chamberlin, R. V., and Ivie, W., 141 
Changes, post-mortem, 29 
Chapin, J. P., 54. I99, 231 
Chapman, F. M., 54, 55, 127. 132, I97, 
20I, 232, 265, 266; quoted, 117 
Character gradients, 94”98; steepening 
of, 99 

Characters, conservative, 296 
Characters, taxonomic, see Taxonomic 
characters 

Charmosyna papouy geographic varia- 
tion of melanism, 74, 79 
Chasen, F. N., 132 
Cheimatobia brumatay 52 
Chen and species, 150, 242, 243 
Chiflchafl, 54 
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Chinese jay, 29 
Chloria chloriSf 262 
Chromosomes, 65; differences found in, 45 
Chryaie ignita, 210 
Chrysoena luteovirena, 167 
Chryaolophua amheratiae and piduay 259 
Chryaophapay 167, 284 
Cicada, seventeen-year, 198 
Cichlidae, 213, 272 
Cicinnuruay 260 

Cicuriruiy polytypic species, 141 

Ciliatefl, 207, 210 

CimeXy 210 

Ciona inteatinaliay 46 

Ctaaa chinenaiay 29 

Ciaticolay 12, 51, 290 

Cladocera, 212 

Clark, F. H., 31, 40 

Classifications,' 10; horizontal, 279; of 
observations relating to speciation 
factors, 216, 217; phylogenetic, 276 ff.; 
practical, 277; principles of, 275; 
simplified by introduction of poly- 
typic species concept, 126; taxonomic 
characters and, 21.; type method, 109 
Clausen, J., Hiesey, W. M., and Keck, 
D. D., quoted, 193 

Clausilta rugoaa and cravenenaiay 34, 202, 

243 

Clausiliidae, 22, 171 

Climate, influence on geographic varia- 
tion, 87, 88 
Climatic races, 194 
Clines, 37, 94-98; non-adaptive, 96 
Clones, 192 

Close-inbreeding, obligatory, 192 
Cloth louse, 210 
Clupea harengua, 145, 198 
ClytorhynchuSy 169 
Coccid, 19 1 

Coccinellidae, 74, 90, 139 
Cochran, D. M., quoted, 133 
Cockatoo, 37, 89, 197 
Coelacanthid fi£^, 5 
Coelenterates, 257 
sessile, 143, 191 

Coenonymphay 137; species and races, 
125; pamphiluay 105 

Coerehay geographic variation of melan- 
ism, 74 

flaveola atratay 77 
Coker, R. E., 62 
Colapteay 171 
auratica and cq/'er, 265 


Cold-blooded animals, phenotypical 
changes, 61-63 
Cole, A. C., 203 
Coliaa philodicey 76 
Collecting of material, 12 
Collembola, 212 

CoUocaliay 15, 116, 121, 130, 200, 201 
Colman, J., 35 
Colonization, double, 173-76 
Colonizing periods, 239 
Coloration, adaptive, 86, 87, 88 
Color patterns, 42, 78 
Columha laurivora and hoUiiy 173 
Competition, 271 
Complex, 108 

Conditioning and speciation, 256 
Conoiracheluay 5 

Conspecifity of allopatric and alk>- 
chronic forms, 12 1 
Contact zone, 264 
Continuous variation, 71, 72, 84-85 
Cooper, A., 218 
Cope, E. D.. 294 
Copaychuay 79 
Corals, 27, 143 
CoregonuBy 63, 135 
Corn plant, 10 

Corvuay 171, 264, 265-266; oorax, 57, 
89, 249 

Cosmopolitan species, 211-13; parasites, 
210; speciation of, 212 
Cotton species. 69 
Courtship dances, 255 
Courtship patterns, triple function, 254 
Cowan, I. McT., 95, 131 
Coyotes, 259 
Craig, F. W., 198 

Crampton, H. E., 8, 41, 80, 142, 220, 222 

Grace S. Forbes and, 53 

Crane, J., 255 
Craapedophoray 260 
Criteria of species, 113-22 
Crossability, 119, 120 
Crotalua and species, 179 
Crows, 1 71, 264, 265 
Crustaceans, 143, 213; size and distribu- 
tion of marine and land fauna, 234 
Cryptaporay geographic races, 144 
Ctenophihalmua agyrtea and nobilia, 231 
Cuckoo bees, 278-279 
Cuckoos, 56; parasitic, 55 
Cu6not, L., 65, 103, 131, 144, 151, 199, 
218, 225, 253 
quoted, 149 
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Culeita, geographic races, 144 
Cuihing, J. E.. 55, 256 
Cuttlefish, 144, 199, 253 
CyanorhatnphuB auriceps /or6en, 235 
Cyclic changes, 237, 238 
C^lomorphosis, 62 

C^pidae, 136, 166, 192, 268; polytypic 
species, 139 

Cynipa, 5, la, 30, 236; species, I39» 
219, 221; dugeai complex, 139 
Cypholoba, 139 

Cypraeat 144; cameola, 145; leviathan, 

145 

Cyprinidae, 213, 271 
Cyprinus carpio, 63 

Dale, F. H., 90 
Dali, W. H., quoted, 27 
Daphniaj 46, 62, 192; cucullata, 62 
Darwin, Charles, 3, 23, 36, 67, 109, no, 
147, 156, i57i 162, 190. 277; 
quoted 115 

Davenport, D., 105, 125, 137 
Davis, W. B*, 90 

De Buck, A., Schoute, E., and Swellen- 
grebel, N. H., 205 

Deer mouse, 106, 235, 244; dines, 96; 

overlapping circle of races, 184 
Degerb4l, M., 220 
Degner, £., 142 
Delacour, J., 79 
Ddichon urbica, 262 

Delimitation of allochronic species, 153; 
allopatric si^ies, genera, 

281; S3rmpatric species, 149-51 
Delkeskamp, K., 139 
Dementiev, G. P., 196, 198, 264 
Demiffretta sacra, 78, 237, 243 
DsndMiastss hoifUhaina and rufifftda, 173 
Dendraica, 152, 171, 250; dominica and 
potomae, 150; petechia, 56 
Ddp^t, C., 294 
Description, purpose of, 1.3 
Diagnostic characters. 18-20, 289 
Dice, L. R., 87, 94, 96, 106, 1 18, 131, 179, 
193, 196, 228, 235, 244, 249, 255; 
quoted, 34, 85 

Sumner, F. B., and, 64 

and Blossom, P. M., 87, 233 

quoted, 2^ 

Diehoceros hicomis, 231 
Dkranostephes, 169, 284 
Diemrus hroeUaius, 169; montanve and 
hoUmdottm, 173 


DiphyUodes, 260, 283; magnificus, 169 
Diplopods, 142 

Diptera, geographic variation, 140 
Discontinuities, 23, 156, 157, 216; 

genetics of, 159; origin of, correlated 
with evolutionary changes, 147 
Discontinuous variation, 71, 72-84 
Dispersal, and geographic variation, 
243-46; restriction of random, by 
geographic barriers, 226-38; by in- 
ternal factors, 238-47 
Diver, C., 3, 20, 62 64, 75, 80, 142, 202, 
250» 255; quoted, 248 
Diversity and divergence, 23, 216, 240 
Dobzhansky, Theodosius, 3, 35, 42, 43, 
45, 64. 65, 67, 68, 69, 71, 73, 74» 7^, 
80. 90, 115, 118, 131, 139, 152, 155, 
158, 163, 188, 204, 209, 217, 220, 225, 
256. 257, 259, 266, 292 
quoted, 157, 276; species definition, 119 

and Wright, S., 35 

Mather, K.. and, 205 

Doederlein, L., 115, 143, 144 
Dollo’s Law, 295 
Dorylus, 30 

Double invasions, 173-76 
Doves, 57, 170, 239 

Dowdeswell, W. H., Fisher, R. A., and 
Ford, E. B., 235 
Draco, nonadaptive dines, 96 
Dragon flies, 14 1, 177; habitats, 249 
Drepanididae, 176, 271 
Drosophila, 6, 13, 25, 45, 64, 74, 120, 
140, 237; polytypic species with geo- 
graphic races, 140; reduced fertility, 
163; sibling group, 200; sterility of 
crossings, 259; wing vibrations, 255 
species, 140; americana, 270; funebris, 
46; macrospina, 140, 171 ; melanogaster, 
10, 120, 140, 217; pseudoobscura, 35, 
78, 140, 204, 208, 220 
D^adophis, 172, 177 
Dual species, 151 
Duck hawk, 53 

Ducks, 219, 241. 243, 248; fertility, 259; 
pair formation, 241; sexual dimor- 
phism: nuptial plumage, 52 
Ducula pacifica, 167, 168; species, 170 
Dunn, E. R., 47* 132, I35 
Du Rietz, G. E., 103 
Dynamics of species, 113 

Earthworms, 143 

Behiniscus intennedius, 213; wendii, 212 
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Echinodermes, 257 
Echinometra litcunter, 144 
Ecological race, I93“99 
Ecological rules, 88-98; exceptions, 93; 
marine animals, 93 

applying to birds, 90; to mammals, 92; 
to snails, 92; to warm-blooded verte- 
brates, 90; to intraspecifio variation, 94 
Ecology, isolating factors, 247, 248-54; 
of speciation, 216; preferences, 53; re- 
lationship of related species, 250 
Ecophenotypes, 27-29, 194 
Ecotypes, 194 
Egrets, 74 
Eiselt, J., 132 
Eller, K., 42, 136, 174 
Elmidae, 284 

Elton, C. S., 238, 246, 256 
Emberiza melanocephala and i clerical 264 
Emerson, A. E., 119, 204, 296 
EmpidonaXt 116, 121, 255 
Encaustez, 139 

Endemism and ecology in birds, 232 
Endrddi, S. von, 42, 139 
Engagement period, 255, 260 
Engel, Hm 144 
Engraulicyprist 271 
Entoprocts, 191 

Environment, adaptive responses to 
specific, 59 flf. ; correlation between geo- 
graphic variation and, 89; factors in 
ecologic races, 195; influencing specia- 
tion, 216, 217 
Ephemeridsj 198 

Epidermal structure. subje<it to geo- 
graphic variation, 41 
EpimachuSf 260 
Eremophtla, 86 
ErinaceuSy 267 

Erosaria miliaris and lamarckiij 145 
Eryihropygia, 169 
Ethological, definition, 254n 
Ethological function, 254 
Ethological isolating factors, 254-56 
Eumecea schneideri 132 
Eupetes caeruleacens and nigricriasut, 182 
Eupithecia innotala Hufn., and una- 
donata Mab, 254 
Eurygasier integricepst 44 
Euryaiorrvaa arientaliSj 253 
EuaUphanua femandmaia and galeritiia, 

175 

Evolution, accidental, 86; approach of 
geneticist and taxonomik to problems 


of, 1 1 ; competition a retarding factor, 
271; convergent, 294; divergent with- 
out origin of new species, 288; higher 
categories and, 275-98; importance of 
systematics in study of, 3; in small 
populations, 236; in the sea, 234; intra- 
specific, 291; processes, 291 ff.; rate 
of, 297; reticulate, 280; role played by 
selection, 270; significance of in- 
dividual variation in study of, 32; 
slowness of, 218; specialisation, 293; 
species in, i47--fiv‘5; speed of, 223; 
stagnant, 217; study of factors of, 10; 
supraspecific, 275-91 
Ewing, H. E., 143, 210 
Expansion, range, 238 ff. 

Explosive speciation in lakes, 213-15 
Extinction species, 223-25 

Faeroe house mouse, 220 
Falco peregrinua, 53 
Family, 102 

Faunas, fresh-water, 214 
Feeding habits, changes of, 209 
Fence lizards, 241 
Ferris, G. F., ii, 14 
Fertility, reduction of, 163, 226, 257 
Fertilization, individual, 257; in plants, 
122; mass, 257 
Fiddler crabs. 255 
Fiedler, K., 5 
Finnegan, S., 223 
Fisher, R. A., 75 » I 35 » 293 

, Dowdeswell, W. H., and Ford, 

E. B., 235 

Fishes, 75, 79, 171, 196; barriers, 234; 
breeding season, 253; evolution, 221; 
habitat differences, 56; in isolated 
desert springs, 234; insular hybrids, 
268; methods of reproduction, 257; 
phenotypical races, 63; racial studiM 
of marine organisms made on, 144; 
seasonal races, 198; sedentary, 240 
fresh-water, 213; correlation between 
environment and body form 93; local 
races, 62; polytypic species, 135 
Fitch, H. S., 133, 241, 262 
Fleas, 143, 202 
Fleming, C. A., 235, 251 
Flies, 6, 140, 204; sibling species, 203 
Floaters, 212 

Flycatcher, 49, 81, 116, 255, 279 
Forbes, Grace S., and Crampton, H. S., 
53 
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Forbee. W. T. M., 184 
Ford, E. B., 73, 75, 76, 80 

, Dowdeswell, W. H., Fisher, R. A., 

and, 235 
Form, 108 

Formenkreis, iii, 169 
Fovkhaio earuncukUaf 37 
“Founder*' principle, 237 
Fox sparrow, 41 
Frank, F., 90, fig. 91 
Frans, V., 292 

Fraser, A. C., Gordon M., and, 76, 106 
Friedmann, H., 61 
FringUla coekha, 54 

FringiUa ieydea and coeleha canarienaia, 

173 

Frogs, 135, 178; grass, 47; temperature 
requirements, 46 
Fruit doves, 170, 239 
Fuchs, A., and K&ufel, F., 41, 44, 142 
Fulton, B. B., 204 

Fungia fungiteat geographic races, 143 

Ockdodea, 169 
Galapagos finches, 109, 235 
OdlerUa, 86 
Gall insects, 210 
OdUinula chloropuat 169 
Gall mites, 210 

Gall wasps, 5, 12, 30, 76, 166, 169, 192, 
210, 219, 236; insular hybrids, 268; 
pol^ypic species, 125 
Galton, F., 71 
Gammarid crustaceans, 213 
Gaps, see Allopatric species gaps; Sym- 
patric species gaps 
Oarrrdax pectoralia and moniliger^ 20 x 
Qarrvlua glandariuay 108 
Garter snakes, 133, 134, 262 
Gause, G. F., 143 

Geese, 219, 243; social and reproductive 
habits, 242 

Generations, alternating genetic, 30 
Generic characters, 286 
Genes, connection between body and, 68; 
loss in small populations, 235, 236, 
237; multiple (pleiotropic) effect of, 
292 

Genetic basis of species formation, 69 
Genetic changes, high frequency of 
small, 292 

Genetic isolating factors, 258 
Geneticists, approach to problems of 
evolution, 1 1 ; differences between tax- 


onomists and, 10, 64; mutual under- 
standing between systematists, and, 3 
Genetics, most fundamental theses of, 
64; of geographic variation, 59-70; 
of individual variability, 30; of 
speciation, 67 

Oenetica and the Origin of Spedea 
(Dobshansky), 70 
Genital armatures, 43, 44, 256 
Gennaeuay 265 

Genotypical variation, aee under Varia- 
tion, individual 

Genus, 102; are borders real? 281; as 
a collective category, 289; attempts to 
combine two simultaneous functions 
in, 290; definition, 283; lacks objec- 
tive reality, 281; monotypic, 213, 286; 
287; morphological concept, 286; a 
natural unit? 290 
Geographic race, aee Subspecies 
Geographic representation, in 
Geographic speciation, 166; alternatives, 
186-89; definition, 155; depends on 
geographic variation, -127; process, 
154-62; proof for, 162-185; aee cdao 
speciation 

Geographic variation, 23, 32, 33-70, 71- 
loi; absence of, 146; adaptive, 85-88; 
all differences between species are 
subject to, 162; and p>opulation struc- 
ture, 98-101; Call-notes of birds, 54; 
characters subject to, 36-59; colora- 
tion, 42; continuous, 71, 72, 84-85; 
courtship patterns, 55; cvtological 
structures, 45; degree of, of related 
species in same region, 172; difficulties 
encountered in study of, 106; discon- 
tinuous, 71, 72-84; dispersal restrict- 
ing factors and, 243-46; epidermal 
structure subject to, 41; exception to 
prevalence of, 128; general pigmenta- 
tion, 42; genetics of, 59~7o; genital 
armatures, 43; habitat preference, 56; 
habits and life history, 53; hetero- 
gynism, 50; in sclerotized structures, 
42; internal structures, 44; irregular, 
37; morphological characters, 36-45; 
of chromosome number, 45; of feeding 
habits or food preferences, 55; of 
number of molts, 52; of plumage 
changes, 50; physiological characters, 
45-481 52-53; physiology of plumage 
and plumage change in birds, 48-52; 
physiology of sex and reproduction; 
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Oeogr^pliic variation (CanHntied) 
hermaphroditism, 47; polymorphism, 
77-84; proportions, 39-41; quantita- 
tive, qualitative, and meristic, 71; 
role of, 59; rules applying to warm- 
blooded vertebrates, 90; sex ratio, 48; 
sexual dimorphism, 48 ff., 52; skeleton, 
41 ; species formation by, 1 80; tempera- 
ture tolerance and preference, 45; 
throughout animal system, 127; verti- 
cal distribution, 57 

Geosjtiza^ hybrid populations, 268; mag- 
niro 8 tis and /ortt«, 235 
Geospizidae, 109, 175, 271 
Gerhardt, U., 20 
Gerould, J. H., 76 
Gertsch, W., 5, 141 
Ghigi, A., 265 
Gisl 4 n, T., quoted, 212 
Gliding intergradation, 84 
Gloger, C. W. L., 89; ecological rule, 90 
Glossina palpalis, 140 
Gloyd, H. K., 133, 179 
Goin, C. J., and Netting, M. G., 135 
Golden pheasant, 259 
Golden warbler, 56 
Golden wasp, 210 
Golden-winged warbler, 262 
Goldfinch, 60, 262, 264 
Goldschmidt, R., 43, 48, 52, 64, 65, 69, 
112, 114, 118, 124, 127, 131, 137, 138, 
148, 149, 162, 163, 184, 220, 222, 256, 
297; on correlation of species forma- 
tion with dines, 96; quoted, 73, 137, 

155 

Goodeidae, 136, 289 

Goodey, T., 211 

Gordon, M., 62, 64, 75, 76, 79 

and Fraser, A. C., 76, 106 

Goasypiumf 69 
Grackle, 266 

Gradient of systematic categories, 172; 

character gradients, aee dines 
Grasshoppers, 87, 279, 290 
Grassland birds, 197 
Gray-cheeked thrush, 148 
Great blue heron, 150 
Great titmouse, 182 
Great white heron, 150 
Greenman, J. M., quoted, 283 
Greenway, J., 224 
Gregory, W. K., 292, 295 
Griggs, R. F., 292 
Grinneil, J., 56, 131, 246 


Grobman, A. B., 133 
Group, 108 
Group variation, 23 
Grtttte, E., 278, 279 
Gulick, J. T., 142 
Gypsy moth, 48 

Haas, F., 28 

Habitat, differences, 57, 248-51; forms, 
27-29, 62; preferences, 267; selection, 
246; specialization, 193 
Habits and life history, 53 
Haecker, V., 74 

Halcyon chloHa, 167, 181, 182; letteo- 
cephaUif 189 
Hall, E. R, 131 

and Hoffmeister, D. F., 37 

Handlirsch, A., quoted, 289 
Haplochilichthys pelagicuSt 271 
Harland, S. C., 68, 69 
Harmonia axi/ridis, color variants, 80 
Hart, J. L., Tester, A. L., and McHugh, 
J. L., 241 

Hartert, E., 49, 86, 112 to&., 124, 126, 132 
Hasebroek, K., 220 

Hawks, 41, 78, 290; change in pigmenta- 
tion, 88 

Head louse, 210 

Hedgehog, 255, 267 

Heikertinger, F., 17 

Heincke, F., 144 

Heinroth, O., 242, 256, 296 

Helicidae, geographic variation, 92 

Helidgonay 125, 290 

Helix aaperaa, 248; pomatiaj 62 

Hellmayr, C. E., 50 

Helmcke, J.-G., 144 

Hemiptera, 141, 171, 172, 174, 223 

Hen-feathered bird races, 48 

Hennig, W., 96, 289 

Herald, E. S., 146 

Hereditary variation, see under Varia- 
tion, individual 

Heredity, see Blending inheritanoe; 

Mendelian inheritance 
Hering, M., 151, 204 
Hermaphroditism, 47, 128, 191 
Hermit thrush, 148 
Herons, 237; polymorphism* among, 73 
Herpetology, 132 
Herre, A. W. C. T., 213 
Herre, W., 135, 178 
Herring, 145, 198, 253 
Herter, K., 46, 255, 267 
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Hertwig, P., 359 

HeBse, R., Allee, W. C., and Schmidt^ 
K. P., 234 

Heterodera ichackti^ 21 1 
Heterogynism, definition, 50 
Heterosygotes, 204 
Hickey, J., 54 

Hieeey, W. M., Clausen, J., and Keck, 
D. D., quoted, 193 
Hile, R., 62, 63, 135 

and Juday, Ch., 56 

Hindwood, K. A., 224 
Hinton, H. £., 284 
HippolaUt species pairs, 1 78 
Hinidinea, 191 
Hirundo nutica, 262 
Hoffmeister, D. F., £. R. Hall and, 37 
Hogben, L., 186, 191, 192, 254 
Holotype, 15 
Homing, 240, 241-43 
Homogeneity, genetic: of small popula- 
tions, 235, 236 
Homosygosity, 204 
Honeybee, 139 

Honey eaters, size variation, tab. 39; 

structural polymorphism, 80 
Hooper, £. T., 233, 245 
Hombill, 41, 230 
Homed lark, 86 

Host races, 209; conditioning to neir, 210 
House finch, 60 

House sparrow, 60, 182, 241, 268 
House wren, 237 
Hovanits, W., 52, 87, 90 
Howard, H., and Miller, A. H., 224 
Hubbell, Th. H., 7, 136. 140 
Hubbs, C. L., 6n, 62, 64, 69, 93, 135, 
221, 234, 268, 289 

and ]^iley, R. M., 268 

and Turner, C. L., 136, 289 

Huestis, R. R., Yocum, H. B., and, 45 
Human anatomy, differences between 
races, 44 
Human lice, 210 

Hummingbirds, 41, 56 121, 175, 260; 

geographic variation, 83 
Husted, L., and Ruebush, T. K., 45, 143 
Hutchinson, J. B , 69 
Huxley, J. S., 3, 6, 95, 113, 131, 173. 
216, 254, 266, 272, 293; quoted, 188, 
189, 196, 226 
Hyahmmaf 141 

Hybridization, 258; allopatric, 259; due 
to human interference, 262; inter- 


generic, 260; introgressive, 74; specia- 
tion associated with, 119, 270; sym- 
patric, 259; zones of, 188; tee also 
under Intergradation 
Hybrid populations or hybrid zones, 
263-70; narrowness. 266; stabilized, 
265, 268, 270; variability, 268 
Hybrid fertility in birds, 259 
Hybrids, 178, 180; common in nature, 
122; occasional, between sympatric 
species, 260-63 

Hybrid swarms, 122; in animals, 149 
Hylocichla and species, 148 
Hymenoptera, differences of appearance 
in sexes, 30; parasitic, 6, 139; poly- 
typic species, 139 

I eery a purchasiy 19 1 
Identification, 9, 12 

Inbreeding, geese, 242; obligatory close- 
inbreeding, 192 
Incipient species, 155 
Individuals, speciation through, 190 
Individual variation, see Variation, in- 
dividual 

Insects, 176; background selection, 87; 
changes in feeding habits, 209, 210; 
correlation between climate and pig- 
ment, 90; ecological barriers, 231; 
genital armatures, 43; geographic 
variation of polymorphism jn, 80; 
giant genera, 290; hybrids, 265; 
orientation by visual cues, 241 ; origin 
of dangerous pests of cultivated plants, 
209; polytypic species, 136-41; re- 
duced fertility, 163; speed of specia- 
tion, 223; structural polymorphism, 
80; subspecies, 125; variability of 
social, 29 

Instantaneous speciation, see Specia- 
tion, sympatric instantaneous 
Insular hybrid populations, 268 
Interbreeding, intraspecific, 223, 258; 
random, 225; see also Hybridization; 
Panmixia 

Intergeneric crosses, see Hybridization, 
intergeneric 

Intergradation, between species, 114; 
between subspecies, 106; intergrada- 
tioD principle, 133; origin of species 
gaps in zones of, 188; zone of, 98, 99, 
100, 188, 263, 265, 266 
Internal factors, restriction of random 
dispersal, 238-47 
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Internal structures, geographic varia- 
tion, 44 

“International Rules of Zoological No- 
menclature, “ 13, 16 

Invasions, border, 1 76-80 ; double, 173- 
76; multiple, 157 

Invertebrates, aberrant characters, 236; 

polytypic species, 142; variability, 219 
Ipswich sparrow, 164, 222 
Irreversibility, 295 

Islands, as evolutionary traps, 224, 225; 
ecological competition, 250; reason for 
active speciation in, 227; role in ex- 
tinction process, 224; speciation, 173, 
227; species, 236 
Isolated forms, 164 

Isolating mechanisms, 23, 225; and the 
method of reproduction, 257; break- 
down of, and its consequences, 258- 
70; classification, 247; conditioned 
habits as, 55; ecological factors, 247, 
248-54; ethological factors, 254-56; 
habitat differences, 248-51; of plants, 
273; mechanical factors, 256; restric- 
tion of random mating, 226, 247-57; 
two classes of, 226 

Isolation, by habitat, 232; effects of, 
179; geographic, 226, 229; incomplete- 
ness of, 245; in the sea, 234; isolative 
factors and species formation, 225; re- 
productive, 1 19 ff., 152, 164, 248, 255; 
seasonal 251-54; see also Populations, 
isolated 

Ivie, W., Chamberlin, R. V., and, 141 

Jaworski, E., 143 
Jennings, H. S,, 207 
Jensen, A. J. C., quoted, 145 
Johansson, K. E., 5, 67 
Johnson, C. G., 210 
Jordanons, 122 

Jordan, K., in, 112, 124, 136, 143, 202, 

231 

Journal of Mammalogy ^ 131 

Juday, Ch., Hile, R., and 56 

Junonia laviniaf 183 

Junco, 8, 85, 170, 171, 172, 229, 265; 

hiemalis cismontanus 270 
Junge, G. C. A., 251 
Juvenile stages, 25 

Kaltenbach, H., 93 
Kattinger, E., 41 

K&ufel, F., I^chs, A., and, 41, 44, 142 


Kautz, H., Mtiller, L., and, 8, 52, 56, 202 
Kea, 209 

Keck, D. D., Hiesey, W. M., Clausen, J., 
and, quoted, 193 

Keeler, C. E., and King, H. D., quoted, 
88 

Kendeigh, Ch., 237 
Kerkis, J., 44 
Key characters, 18-20, 289 
Kimball, R. F., 207 

King, H. D., Keeler, C. E., and, quoted, 
88 

Kingfisher, 152, 153, 167, 181. 199, 236; 

racket-tailed, 41 
King parrot, 30 

Kinsey, A. C., 3, 5, 8, 12, 30, 76, 1 18, 123, 
124, 136, 139, 162, 166, 169, 192, 210, 
218, 236, 265, 268, quoted, 117 
Klauber, L. M., 41, 133, 135, 267 
Kleinschmidt, O., 86, 87, iii, 112, 113, 
1 14, 126, 169 

Klemm, W., 30, 92, 142, 178 
Knipper, H., 92, 93, 125, 142, 290 
Kobelt, W., 142 
Koch, C., 139 
Koelz, W., 62 

Kramer, G., and Mertens, R., 203, 222, 
234i 245 
Kratz, W., 141 

Krumbiegel, I.„46, 53, 93, 96, 139, 296 

Lacerta lepida and species, 171 

muralis and melisselensist 203 

sicula, 46, 203, 222, 234, 245 

viviparaf 46 

Lack, David, 60, 132, 176, 235, 246, 249, 
250, 270, 271 
quoted, 268 

Ladybird beetle, 35, 74; color variants, 
80 

Lady bug, 76 
Lagopus lagopuSt 165 

scoticus, 165, 222 

Lakes, fresh- water: species flocks in, 214 
Lalage, 182; species, 40, 42, 50, 51, 172, 
^73 

Land snails, 142 

Lanius, 171; collurio kohylini^ loudom, 
and phoenicuroides, 264 
Larius {Eclectus) roratuSf 30 
Larks, 87, 246; cryptically colored, 86 
Larus, 171; argenUUuSf 180, 182, 251; 
fu 8 cu 9 251 

Li^ae, development, 25, 52 
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Lasiocampa querctUf 163 

LaCes, 215, 272 

Latimeriaf 5 

LawreDoe's warbler, 262 

LeiocidartB piatillariat geographic races, 

143 

Lepidopterorum Catalogus, 137 
Lepua, 220 

Lesser Snow Gk)08e, 150, 242 
Leucichthya artedi, 62 
Lieftink, M. A., 141 
Life cycle of species, 25, 224 
Limanda limanda^ 145 
Limax, 20 
Limnaea peregra, 64 
lincoln, F., 241 
Lingvla^ 217 

Linnaeus, 109. iii, 112, 150 
genus concept, 286; species concept, 
102, 103, 108, 110, III, 1 15, 1 17, 125; 
Syaiema Naturae^ 1 1 s; terminology for 
systematic categories, 102, 108 
Lmsdale, J., 41, 132 
Isssner, H., 146 

literature, application of polytypic 
species in modern zoological writing, 
130; taxonomic zodlogical, 131* 
LiUorina obiuaa, 35 
Lizards, 171, 203, 222, 234, 241, 245 
temperature preference, 46 
Localisation of individuals, 240 
Locard, A., 28, 61 
Lonchura and species, 230 
Lophorinay 260 
Lorens, K., 256, 296 
Loss convergences, 278, 279 
Lotsy, J. P., 1 18, 155* 259 
Louse, 143 
Lowe, P. R., 270 
Ludwig, W., 86 

Lumpers and splitters, 178, 280 
iMcinia, species pairs, 263 
Lybiua U^rquotuSy 77 
LyeaeMy 255 
LygMd bugs, 176 

LymarUriay 64; dtapavy 48, 52, 137, 138, 
163; moiAura and numachay 137, 138; 
pol^Hypio species, 137; species and 
subspecies, 138 
Lymnaeay 53, 61, 62, 142 
Lynes, H., 12, 52, 132 
Lyrurua UtriZy 261 


Machairodontidae, 294 
McHugh, J. L., Hart, J. L., Tester, 
A. L., and, 241 
Mackerel, 146 

McMasters, J. H., Schenk, E. T., and, 

II, 16 

Macrobiotua hvfelandiiy 212 
Macroevolution, 291-98 
Macroevolutionary principles, 293-98 
Macrolepidoptera, 137 
Macrotaxonomic characters, 297 
Macretaxonomy, 275-91 
Magicicada aeptendiecimy 198 
Malaria mosquitoes, 205 
Mammals, adaptive variation, 85 ff.; 
background adaptation, 87; dispersal 
faculty, 245; ecological rules applying 
to, 92; literature, 13 1; polytypic 
species, 131; variability in endemic 
races of rock-inhabiting, 244 
Manakins, 261 
Manton, I., 122 
Manucodiay 200, 260, 283 
Marcus, E., 212, 213 
Marine animals, ecological rules, 93; 
individual fertilization, 257; micro- 
scopic, 5; polytypic species, 143; show 
little variation in space, 128; slow- 
ness of evolution, 218; speciation, 223; 
temperature races found in, 46 
Marsupials, 61, 294 
Martes foinay and marteay 202 
Martin, R. F., 122 

Materi^, available for taxonomic work, 
7; collecting of, 12 
Mather, K., 293 

and Dobzhansky, Th., 205 

Mathews, G. M., 281, 286 
Mating, effect of behavior differences, 
254; interspecific, 254, 255; reduction 
of success, 256; restriction of random, 

226, 247-57 

Mating types, 207 
Mayflies, 141, 198 

Mayr, E., 37, 38, 41, 42, 49, 50, 51, 56, 
57, 82, 97, 115, I 24 » I 29 f 132, 152, 
159, 167, 169, 170, 173, 180, 181, 197, 
200, 201, 221, 223, 227, 228, 232, 239, 
240, 249, 251, 260, 261, 268, 270, 281, 
288; quoted, 118, 120, 165 

and Amadon, D., 78, 237 

and Ripley, D., 40, 42 

and de Schauensee, R. M., 38 

and Serventy, D. L., 90, 174 


Maegragoriat 260 
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Mayromia versicolor ^ aod lessoni ori- 
etUalis, 175 

Meaaurements, value of, 14 
Mechaoical isolating factors, 256 
Afeyalurns iimoriensis and subspecies, 

233 

Megapodius, 57. 15a. 167, 268 

Meinertzhagen, R., 66, 167 

Meiae, W., 50, 77, $2, 132, 141, 152, 170. 

262, 264, 265, 266, 268, 270 
Melania, 144; species, 31 
Melanins, geographic variation, 90 
Melanism, 73 
MelanociMa lugubris, 169 
Melidecies heJfordi, 197; races and sub- 
species, 80 

leucosiephes, 39 

Melipotes, and species 38 
Mell, R., 41 

MdopsiUacus undidatus, 60 
Melospiza melodia, 56, 237, 246, 249 
Mendelian inheritance, 65, 67 
Meristic variation, 71 
Mertens, R., 124, 132, 171, 178, 236, 253 

and Mtiller, L., 135 

, Kramer, G,, and 203, 222, 234, 245 

Mesostoma ehrenbergii and wardii, 45 
Metazoa, 191 

Mice, 31, 131, I79f 1841 220; cline, 96; 
geographic variation of size in meadow, 
90; habitats, 250 
Microevolution, 291 
Microscdis leucocephalus, 83 
Microscopic animals, carried by wind 
currents, 212 

Microsubspecies, 107, 194, 195 
Microtas, 90 
Migratory behavior, 55 
MUler, A H., 8, 32, 85, 124, 132, 156, 
171, 246, 165, 270 

Howard, H., and, 224 

Mirajra africanoides, fasciolala deserii, 
and sabota hoeschi, 247 
Miro traversi, ^235 

Misogamy, see Reproductive isolation 
Missiog link between reptiles and birds, 
296 

Mites, red, 5 

Mockingbirds, begging postures, 55 
Modifiers, 68 
Moffit, J., 132, 242 

Mollusks, habitat forms, 27; marine, 61, 
144; pol3rtypic species, 142 
Molting period of birds, 50 


Monarcha castaneoventria, 81, 152; species 
82, 218 

Monophyletic, definition, 280 
Monophyletic category, 276 
Moore, J. A., 46, 47, 135 
Moose, 31 
Moreau, R. E., 222 
Morgan, T. H., 67 

Morphological cWacters, 19, 36-45; 
size variation, 36; which tend to be 
correlated with climatic factors, 95 
Morphological genera, 167 
Morphological genus concept, 286 
Mosquitoes, malaria, 205 
Motadlla cinerea, 239 
ftava, 53 

Moths, 52, 179, 209, 220, 248, 254; 
hybrids, 265; polytypic species, 136; 
reduced fertility, 163 
Mountains, speciation in, 229, 234 
Mouse flea, 231 

Moy-Thomas, J. A., Arkell, W. J., and, 
279, 289 

Muller, H. J., 45, 64, 124, 132, 159, 292, 
293, 295, 296 

Muller, L., and Kautz, H., 8, 52, 56, 202 

Mertens, R., and, 135 

Murie, A., 184 

Murphy, R. C., 49, 92 

Murre, dines, 95, 96 

Muscicapa species pairs, 178 

Muscicapidae, 279 

MuscuItis faeroeensis, 220 

Museum specimens, color deterioration, 

29 

Mussels, fresh-water, 28 
phenotypic variation, 61 
Mutability factors, influencing specia- 
tion, 216, 217 
Mutation concept, 65 
Mutation rates, 217 

Mutations, 292; definition, 66; homolo- 
gous series of, 73; nature of, 67; ran- 
dom, 295; recessive, 234; recurrent, 
225; reversible, 293, 296; small, 67; 
systemic, 155, 297; see also Geographic 
variation 
Myers, R. B., 93 
MyioUstes megarhynchus, 42, 43 
Myriapods, 142 

Myrmotherula longipennxs and sub- 
species, 228 

menetnesii and subepecies, 228 
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Naboura, R. K., 73 

Names, basis of, 16; use of vernacular 
and Latin, 105 
Ndsutitermea, 204 
Natrix sipedon, 249 

Natural system, 275; advantages, diffi- 
culties, 276 
Nematode, 191, 21 1 
Nemeophila plantaginis, 163 
Nesets, 171, 176; species, 173 
Nesospiza acunhae and wilkinsi, 175 
Nestor notabilis, 209 
Nests, 53 
Netolitsky, F., 90 

Netting, M. G., Goin, C. J., and, 135 
New SyetematicSf The^ 4 
Newts, 178 

Nice, M. M., 36, 237, 241 
Niche characteristics, see Ecological 
factors 

Niethammer, G., 86; quoted, 246 
Nile perch, 215 
Noble, G. K., 241 

Nomenclature, binary and binomial, 108; 
difficulties caused by name-changing, 
17; rules, 16; ternary, no 
Nongene tic variation, see under Varia- 
tion, individual 

Non-segregc,tion of species characters, 68 
Novitski, E., Sturtevant, A, H., and, 74, 
294 

Nuthatch, species and subspecies, 126 
Nyrocoy 219 
Nyeiusy 174, 176, 239 

Oberholser, H. C., 281, 286 
Objectivity of a systematic unit, 148, 
280 

Obligatory close-inbreeding, 192 

Ocean, see Sea 

Oceanic islands, defined, 173 

OedirhinuSy 167, 284 

Oenothera, 66 

Okland, F., 113, 124, 136 

Oldham, Ch., 62 

Old World flycatchers, 279 

Oligoohaeta, 19 1 

Olive-backed thrush, 148 

Oliver, W. R. B., 77 

Orcida, 171, 178 

Organic reconstruction, eee Reconstruc- 
Uoo, organic 

Organisins, classification of, 275 
Or^n cf Species (Darwin), 3, 109, 147 
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Ornithology, subspecies concept, 129; 

polytypic species, 132 
Orr, R. T., 131 
Orthogenesis, 293 
Orthogenetic series, 291 
OrthonyXy 169 

Orthoptera, geographic variation, 140 
OrycieSy 42; nasicornisy 139 
Osborn, H. F., on speciation and muta- 
tion, 66 

Osgood, W. H., 184 
Ostrea virginicOy 27 
Oudemans, A. C., 5 

Overlap, of terminal links of same species, 
180-85; partial distributional, 176-85 
Overlapping ranges, 250, 251 
Ovisy 265 
Ownbey, M., 122 
Oyster, 27 

Pachycephalay 82, 200, 250; hybrid 
populations, 152, 268, 269, 270; 

pectoraluy 42, 48, 50, 57, 125, 218 
Pachyptila and species, 251 
Pagoduiinay 30, 92, 178 
Pair formation, 255, 260; and population 
structure, 242 

Paleontology, 289, 292; species concept, 

153 

Paludan, K., 264 
Panmixia, 225, 226, 234, 236, 241 
PapUio machaon and hospitony 174 
PapuorihonyXy 169 

ParadigaUay 260; hrevicauda and caruiv- 
cvlaUiy 40 

Paradisaea, 97, 130, 169, 260, 283; see 
also Birds of paradise 
Paradisaeidae, 116, 260 
Paradise flycatcher, 79 
Parameciumy 152, 207 
Parasites, 6, 139, 210, 231 
Parasitism, 279 
Paratypes, 15 
Paripotency, 74 
Pamassius literature, 137 
ParotiCy 153, 170, 260 
Parrot, 37, 209, 235; king, 30 
Parthenogenesis, 28, 191 
ParUday 8, 142, 220, 222 
Parula warbler (P. americana)y 150 
Pants atricapiUuSy correlation between 
climate and feather pigments, 90; 
caeruleus and cyanus, hybrids, 262; 
major y 182 
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Patter, hybrid populations, 268, 270; 
dometiimt, 60, 182, 241; kitpaniolen- 
sisy 182 

Passerculns princepsy 164, 222; sand- 
tvtchensis savannoy 56, 164 
Passerella iliacay 41 

Patterson, J. T., 6, 45, 69, 140, 164, 171, 
200, 270 
PedicvluSy 210 
Pennaivla phosphor eay 143 
Peregrine falcon, 53 

Pericrocotus hrevirostris and ethologuSy 
201 

Peromyscusy 31, 34, 40, 64, 87, 131, 196, 
249f 250; leucopus and gossypinusy 
179; manicidatus and subspecies, 45, 
94» 96» 106, 235, 244; overlapping 
circle of races, 184; polionotuSy 245 
Peters, J. L., 167, 281 
Petersen, W., 209, 255 
Pelroica muUicolory 48 
Phaeomelanin, geographic variation, 90 
Phasianidae (pheasants), 116, 248, 259, 
265; fertility, 259 

Phenotypical changes, in birds, 60; in 
cold-blooded animals, 61-63; see also 
Variation, individual 
Phenotypical races, 194 
Philiptschenko, J., 23 
Phillips, J. C., 60 

Phlegopsis nigromaculatay geographic 
races, 228 
PhonygammvLSy 260 

Phylloscopusy 8, 20, 55, 250, 255; over- 
lap of terminal links of subspecies, 
182, 183; species and races, 54, 95, 
125, 182 

Phylogenetic system, 276 fF. 

Phylogenetic tree, 281, 291 
Physiological characteristics, geographic 
variation, 45-53; Physiological factors, 
influencing speciation, 216 
Pickford, G. E., 143 
Pictet, A., 163, 264 

Pieris and species, 8, 53, 56; sibling 
species, 202 

Pigeons, 167, 248, 290; fertility, 259; 

pituitary of domestic, 45 
Pigmentation, geographic variation, 42, 

87 

PimeHay 139, 228 
Pinarolestesy 169 
PipridaSy 261 
Pitohui dichrousy 94 


Pitta kochi and erythrogasier, 173 
Pituophis and species, 179 
Planaria alpinay 47 
Planarians, 143 
Plant lice, 192 

Plants, adaptability to local conditions, 
59; dines, 98; differences in speciation 
of animals and, 273; double invasion of 
islands, 173; geographic speciation, 122 
Plate, L., 234 
Platyhelminthes, 191 
PlaiypoeciluSy 106, 136; species, 75, 79, 

171 

Platysamiay 248, 265; cecropia and re- 
lated species, 179 
Pleiotropic genes, 88 
Plesicoris rugicoUis, 209 
PlethodorUidae, 166 
Pleuronectes platessa, 145 
Plumage, geographic variation of, 
changes, 50; physiology of, and plum- 
age change, 48-52 
Pocket gophers, size variation, 90 
Podargusy 37 
Pogonofora, 5 
PogonomyrmeXy 203 

Poikilothermal animals, see Insects; 
Snails 

Polisiesy 90, 139 
Polychaetes, 257 
Polychromatism, 72n 
Polyembryony. 192 
Polygenes, 292 

Polymorphism, 31, 72-77, 220; and 
speciation, 80; balanced, 76; classifica- 
tion of, 75; found in Bombus, 139; 
geographically variable, 77-84; neu- 
tral, 75; structural, 80; transient, 76, 
81 

Polyommatus icaruSy 235 
Polyploidy, 122, 191, 225 
Polytypic species, see Species, polytypic 
Populations, basic taxonomic unit, 7; 
changes from population to, 98; con- 
cept of isolated, as incipient species, 
33; definition, 24; determining charac- 
ters of, 25; differences between local, 
33-36; fluctuating, 237; hybrid, 152, 
263-70; isolated, 38, 100, 116, 152, 
158, 225, 235 {see also Isolating me- 
chanism; Isolation); local, 24, 225; 
shifting, 239; size and variability, 
234-37; structure and variation, 9S- 

lOI 
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PorphyriamtBt 169 

Porthdria, 137 

Poulton, £. B., I48n 

Predation, 272 

Priority, law of, 16 

ProgomphWy and species, 177, 250 

PromptofF, A., 54 

Proportions, geographic variation of or- 
gans and b^y structures, 39-41 
Proterhinm weevils, 176 
Protosoa, 128, 143, 191; transportation, 
212 

Protura, 212 

pBeudechinucus tutUtia, 212 
PBeudemyB fioridanat 249 
PBiUrichoB ftdgiduB, 37 
PtUinapuB, species, and subspecies, 57, 
167, 170, 172, 175, 239 
PUlaprora guiBeit 197 
Pulmonate Mollusca, 191 
Pupillidae, 22 
Purple graokle, 265 

Qualitative variation, 71 
Quantitative variation, 71 
Quitcolus, 266; species, 264, 265 

Rabbits, 131, 221 

Races, altitudinal, 196 ff.; ecological, 
I93'99i formation of local, 243; geo- 
graphic, BBB geograhpic variation; sea- 
sonsJ, 198; temperature, 46 
Ramme, W., 140, 290 
Ramsbottom, J., 102 
Ratio, physiological races, 47, 135; 

Mcultnlo, 47, 135, 178, 253; jnpient, 
46, 47; ridibunda^ 178, 253; temporaria, 
47 

Rand, A., 92, 94, 197, 232, 260 
Range expansion^ 238 ff. 

Ranges, interlacing of, 267; overlapping, 
250-251 
Rangifmf 41 

Raasnilareis, iii, 112, 113, 114, 138, 
162, 173 

Ratites, 278, 2^ 

Rats, pJeiotropic genes, 88 
Rattkisiiakes, 179 

Raven, 57; geographic variation, 89 
Reoogn^on marks, 254 
Recombinations, 67 

Reconstruction, organic: harmonius, 295 
Red fox, dinidJ variation of polymorph- 
ism,95 


Red grouse, 165, 222 
Red-ehafted flicker, 265 
Reed, S. C., 205 

Reef heron, 237; color phases, 78 
Reinig, W. F., 56, 80, 139, 222, 236, 264 
Reuen in der Regentschaft Algier (Wag- 
ner), 228 

Remane, A., 5, 65 

Rensch, B., 3, ii, 32, 34, 41, 44, 53, 59, 
61, 62, 78, 90, 92, 93, 94» 103, 108, 1 12, 
124, 130, 141, 142, 143, 162, 163, 165, 
169, 170, 171, 173, 182, 193, 194, 214, 
219, 245, 288, 292, 293, 295; ecolog- 
ical rules, 89; quoted, 22, 105, 106, 
126 f.; survey of occurrence of geo- 
graphic variation, 128; wing rule, 95 
Reproduction, isolating mechanism and 
the method of, 257; physiological fac- 
tors subject to geographic variation, 47 
Reproductive isolation, ii9ff., 152, 164, 

255 

Reptiles, 41, 46, 218, 294, 296; aberrant 
characters, 236; literature, 132; poly- 
typic species, 132; temperature prefer- 
ence, 46; Bee oIbo Crocc^es; Lizzards; 
Snakes; Turtles 
Reversibility, 295 
RhinocheiluBf 267 

Rhtpiduraj 82, 218; flabelliferaf 76; rufi- 
fronBt 47, 218 
Rhynchocephalians, 218 
Richards, O. W., 254; quoted, 278; 
Robson, G. C., and, 23, 73, 103, 131, 
218, 226 
Richter, R., 251 
Ridgeway, R., 286 
Riech, E., 31, 142, 144 
Riparia obsoleta and rupestris, 167 
Ripley, D., 52 

and Birckhead, 239 

Mayr, E. and, 40, 42 

Rivers, as barriers, 228 
Roberts, A., 281, 286 
Roberts, H. R., quoted, 279 
Robson, G. C., and Richards, D. W., 
23, 73» 103, 131, 218, 226 
Rodeheffer, I. A,, quoted. 241 
Rodents, 87; Bee also Mice; EAbbits; Rata 
Roe, A., Simpson, G. G., and, 14, 71, 

135 

Romanes, G. J., quoted, 120 
RomerUiy 296 
Eoxt, H., 45 

Rotifers, 128; transportation, 212 
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Round worm, 210 

Ruebush, T. K., Husted, L., and, 45, 143 
RUmmler, H., 131 
Runnstr6m, Sven, 46 
Rusts, 220 

Salamanders, 166; spotted, 47 

Salomonsen, F., 77, 79, 177, 178 

Salt, George, 211 

Salvelinua, 135 

Sarasin, F. and P., 142 

Savanna sparrow, 56, 164 

Scale insects, resistance to poisons, 220 

Scdoporus ocddentaliSf 241 

Schauensee, R. M. de, Mayr, E., and 38 

Schenk, £. T., and McMasters, J. H., 

II, 16 

Schiennann, G., 53 

Schilder, F. A., and Schilder, M., 124, 

144, 145 

Schindewolf, O. H., 279, 292, 296, 297 
Schizotypische Artzerplitterungy 214 
Schlegel, H., 110 

Schmidt, K. P., Hesse, R., Allee, W.C., 234 
Schlegdia, 169 

Schnakenbeck, W., 145, 198, 253 
Schnitter, H., quoted, 28 
Schoute, E., De Buck, A., and Swellen- 
grebel, N. H., 205 

Sclerotized structures, geographic varia> 
tion in, 42 

Scorpions, 50; polytypic species, 14 1 
Sea, isolation and evolution in the, 234 
Sea birds, 237 
Sea-feather, 143 
Seasonal generations, 26 
Seasonal isolation, 251-54 . 

Seasonal races, 198 
Seasonal variation, 26 
Sea star, 144 

Sea urchin, geographic races, 143 
Secondary intergradatioh, 157 
Seitz, A., 42, 137 

Selasphorus aUeni and race aederUarivs 
Grinnell, 56 

Selection, 70, 292, 293, 295 
Selective factors, and species formation, 

270-73 

Selective process, see Adaptation; Adap- 
tive variation 
Sdenia, 122 

Sdeucidesj 260; ignotuB^ 29 
Scmenov-Tian-Shansky, A., 103 
Semi-species, 165 


Separation theory, 157 

Sepia officinalis f 144, 199, 253 

SerintLS canaria serinust 238 

Serresius, 167, 168, 284 

Serventy, D. L., Mayr, E., and, 90, 174 

Seventeen-year cicada, 198 

‘‘Sewall Wright effect,*' 192, 195 

Sewertzoff, A. N., 292 

Sex races, 47, 48 

Sex stuff, 258 

Sexual armatures, 43, 44, 256 
Sexual attraction, reduced, 163 
Sexual dimorphism, 30, 260, 261; in 
birds, 48 ff. 

Sexual isolation, 163 
Sexual selection, intraspeciffc, 254 
Seymouria^ 296 
Sheep, 131, 265 

Shells, marine: polytypic species, 145 
Shih, C. H., 62 
Shrimps, fresh- water, 214 
Sibling species, ii6, 139, 140, 150, 151, 
200-208, 210, 288; definition, 151, 200 
Sick, H., 54 
Silow, R. A., 69 
Silver pheasants, 265 
Simms, A. D., quoted, 209 
Simpson, G. G., 224 

and Roe, A., 14, 71, 135 

SitUif 126, 264 

Size, a taxonomic character, 36; increase, 
in phylogeny, 293 
Slugs, 20 

Smith, C. C., Bragg, A. N. and, 203 
Snails, 8, 22, 30, 34, 44, 62, 105, 176, 
178, 194, 219, 220, 222, 229, 243, 290; 
ecological rules applying to, 92; geo- 
graphic variation, 41; land, 142; poly- 
typic species, 125; sibling species, 202; 
spiraling of shells, 80; super^^ies, 
polytypic species, 171 ; fresh-water, 28, 
62; geographic variation of micro- 
geographic races, 53; phenotypie varia- 
tion, 61 

—garden, 52, 34, 75, 78, 105; odor 
patterns, 78 

Snakes, 172, 177, 179, 262, 267; habitats, 
249 

Snedecor, G. W., 135 
Soil, correlation between coloration and, 
86 

Solaster papposus^ 144 
Song birds, inheritance of song patteras, 
256; races, 54 
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Song sparrow, 56, 237, 246, 249 
Sonnebom, T. M., 207 
Southern, H. N., 95, ^ 

Sparrows, 56, 164; hybrid populations, 
268; Bee also Song sparrows 
Specialization, 294 

Speciation, alternatives to geographic, 
186-89; biology of, 216-74; hy force of 
distance, 180; by isolation, 225; classi- 
fication of processes, 187; dines and, 
96; definition: dual meaning, 23, 155; 
depends on geographic variation, 127; 
differences in, in plants and animals, 
273; effects of geographic isolation on, 
100; explosive, in laJkes, 213-15; ex- 
tinction the counterpart of, 223; fac- 
tors influencing, 216; genetic basis, 64- 
70; geographic process, 1 54-62, i66;im- 
portance of host races, 209; influence of 
competition and predation on, 271 ff.; 
influence of population size, 236; in 
mountains, 229, 234; instantaneous, 
225; instantaneous or gradual, 187; 
internal factors, 217-25; island, 173; 
isolative factors and, 225, 257, non- 
geographici 186-215; of cosmopolitan 
species, 212; primarily external fac- 
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isms), 226, 247-57; role of competi- 
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188; q^eed of, 220-23; stages of, 159- 
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definitions, 113-22, 247; description, 
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223*-25; formation, see Speciation; 
gaps, 14^-62, 188; hybrids between 
sympatric, 260-^3; identification of, 
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148-54; process of geographic specia- 
tion, 154-62; proof, 162-85 
monotypic, definition, 113; prevalence 
of, in groups of animals, 124, 146 
polytypic, in, 114, 116, 166, 286; 
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application of concept in taxonomic 
groups, 130-46; arachnids, 14 1 ; beetles, 
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136; concept based on principle of 
geographic variation, 127; definition, 
1 13; flies, 140; fresh- water fish, 135; 
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systematica, 123-46; insects, 136-41; 
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46; mollusks, 142; other invertebrates, 
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132; vertebrates, 131-36 
Species concept: based on sterility, 119; 
biological, 1 19; changing, 108-13, 129; 
genetic, 118; morphological, 115-18, 
121; new, 102-22; practical, 115 
Specific recognition marks, 254, 261 
Spencer, W. P., 69, 140, 163, 200 
Speyer, W., 52 
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Spiders, 5, 212; geographic variation, 141 
Spieth, H., 141, 265 
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Sponges, 257, 191 
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Stability, the basic principle of the rules, 

17 
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Stagnation, evolutionary, 217 
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108, 132, 158, 167, 177, 250, 251, 264, 
270, 281, 288; quoted, 119 
Streuli, A., 202 
Strohmeyer, G., 139 
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Sturtevant, A. H., 69, 74 
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Subsp)ecies, 102, 193, 194; age of, 221 
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cal aspects, 106; range of, 219 
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Sumner, F. B., 87, 118, 245 
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Supraspecies, term, 169?! 

Sutton, G. M., 242, 243 
Swallow-tail butterflies, 136, 174 
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Schoute, E., and, 205 
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Sympatric speciation, 187, 189-215, 
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Synonyms, 16 
Syrphidae^ 140 
Syrphuay 203 

Systema Naturae (Linnaeus), 115, 150 
Systematica, definition, 6n; knowledge of, 
5; methods, principles, 3-17; old and 
new, 6-8, 291 ; status of, 4-8 
Systematist, approach of new, to ma- 
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8-1 1 ; mutual understanding between 
geneticists, 3; procedure, ii 
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Tanyaiptera, 284 
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Tardigrades, 212, 213 
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Taxonomic characters, 18-32, 116, 162; 
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definition, 20; diagnostic, 18-20; en- 
vironmental modification of, 61; geo- 
graphic variation, aee Geographic 
variation; phylogenetically conserva- 
tive, 21; variation, 22-31 
Taxonomic unit, 7 

Taxonomists, approach to proldems of 
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ecologist, 9; diversity of opinion among 
4, 280; idealists and realists, 281 
Taxonomy, definition, 6n; material, 7, 
109; methods, ii, 109; of parasites, 
279; publications, 1 1 ; simplification of, 
i2s; aee alao Systematics 
Teissier, G., 293 
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J. L., and, 241 
Tetrao urogaUuMy 261 



INDEX 


333 


Textbooks, ii 
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Variation adaptive, 85-88; altitudinal, 
232; classiflcation, 23; intraspeciflc, 
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